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GENERAL INTRODUCTION 
Introduction 
Integrated Pest Management (IPM) is defined as the judicious use and 
integration of various pest control tactics in the context of the associated 
environment of the pests in ways that complement and facilitate the biological 
and other natural controls of pests to meet economic, public health, and 
environmental goals. This ecologically-based IPM is developed from a 
foundation of understanding and exploitation of natural cycles, natural 
controls, and environmental interactions to manage pests and brings the most 
advanced technology to challenge the managing pests in an integrated holistic 
m a n n e r  ( U S D  A  c i t e d  i n  A r g o n n e  N a t i o n a l  L a b o r a t o r y  2 0 0 0 ,  p i ) .  
IPM is an information intensive approach to managing pests that relies on 
multidisciplinary research. In addition, IPM utilizes integrated tactics that often result in 
better environmental conservation (Pedigo 1999). In September 1993, the Clinton 
Administration announced its commitment to reducing pesticide use and promoting 
sustainable agriculture by advocating the use of IPM on U.S. crop acreage (United States 
Congress 1993). In fact, a goal was set to adopt IPM on 75 percent of the U.S. crop acreage 
by the year 2000 (Sorenson 1994). During the past eight years, the complexities associated 
with defining IPM and the lack of agreement of what constitutes IPM have resulted in 
dissimilar assessments in documenting progress to achieve this goal. One complication is the 
absence of a standardized measurement tool for the adoption of IPM that is applicable across 
commodities and that is adaptable to the needs of multiple agencies. According to 
Fernandez-Cornejo and Jans (1999), "There have been encouraging advances in 
methodology in recent years, but a complete, practical, and accepted method to measure 
overall IPM adoption is not yet available" (p 9). 
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Purpose 
The purpose of this research was to take an important step towards developing a 
standardized measurement tool for the adoption of IPM that can be utilized by multiple 
agencies across different commodities. 
Objectives 
The objectives of this research coincide with the research papers presented in this 
document. The objective for the first paper was to identify the essential themes and elements 
of IPM and to develop a foundational framework of IPM. The objective for the second paper 
was to identify the current educational methods and materials being used to disseminate 
information on Integrated Pest Management. The objective for the third paper was to 
evaluate existing measurement devices to develop an appropriate tool with field level 
applicability. 
Dissertation Organization 
This thesis was constructed in the following manner: a general introduction 
(including thesis objectives), a literature review, three papers for publication in scientific 
journals, a general summary, and references cited. All papers were formatted according to 
the guidelines established by the Council of Biology Editors (CBE) in The CBE Manual for 
Authors, Editors, and Publishers (6th Ed). The references cited section includes only 
references from the general introduction and the general summary. 
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Literature Review 
History of Integrated Pest Management 
Examination of specific historical events can disclose the evolution of Integrated Pest 
Management (IPM). Its rich history is embedded in the actions of research institutions, 
government policies, and society. Historically, research conducted on specific pest 
management events has resulted in promotion or rejection of the event by the scientific 
community. Society has also accepted or rejected specific pest management events. 
Government entities have responded to constituents' concerns, as policymaking is often a 
result of society's voice. Examination of these specific pest management historical events 
can assist with understanding the evolution of IPM. 
Agricultural pest problems and attempts to manage insects can be dated back to 2500 
B.C. when the Sumerians used sulfur as a form of chemical control (Pedigo 1999). From the 
Middle Ages to Colonial Times, humans continued their attempts to control insect pests. 
During the late 1800's, pest management was advocated and a variety of pest control 
techniques (resistant crop varieties, cultural practices, and biological control) were prescribed 
(Botrell 1979). 
The first federal regulation of pesticides occurred in 1910 with the passage of the 
Insecticide Act. The focus of this legislation was to protect farmers from fraudulent 
pesticides (Ware 1994). This act proved to be no more than a passive piece of legislation 
because it only required that the contents of the package be identified. 
During the 1920's, integrated tactics were used to manage a serious pest in cotton, the 
boll weevil, Anthonomus grandis. This pest invaded the U.S. in 1892 and continued to 
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devastate cotton crops throughout the South. In Arkansas, integrated tactics such as scouting 
and economic thresholds were used for this pest (Allen and Rajotte 1990). Some insecticide 
applications were made with little success. 
These integrated tactics were quickly replaced by chemical controls with the dawn of 
the insecticide era (1939-1962) (Pedigo 1999). The insecticide era began with the use of 
DDT, during World War H, to combat insects carrying diseases such as malaria, typhus 
fever, cholera, and encephalitis (Botrell 1979). After the War, other synthetic agricultural 
pesticides were manufactured on a wide scale. "Farmers heralded the impressive 
accomplishments of chemical technology, producers anticipated profits and prosperity, and 
government shared a euphoric enthusiasm for pesticides" (Nownes 1991, p 2). 
However, problems with reliance on chemical controls quickly were discovered. 
Insecticide resistance, resurgence, and replacement became prevalent. In addition, 
disadvantageous environmental impacts occurred. As a result, Congress repealed the 
Insecticide Act and implemented the Federal Insecticide, Rodenticide, and Fungicide Act 
(FIFRA) in 1947. This act required that chemical pesticides be registered by the United 
States Department of Agriculture (USD A) (Ware 1994). In addition, this Act required 
pesticides carry a label with the manufacturer's name and address, directions for use and 
appropriate warning statements (Ware 1994). In an effort to combat insecticide resistance, 
resurgence and replacement, researchers returned to integrating techniques for control of 
pests. For example, integrated tactics were utilized for outbreaks of pests in greenhouses. 
These pests were managed by employing biological control and the judicious use of 
insecticides (van Emden and Peakall 1996). 
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In 1959, reduced rates of organophosphates for aphid control were employed and the 
term 'integrated control' was used to describe biological and chemical control for 
management of a pest (Stem et al. 1959). Geier and Clark (1961) used the term 'pest 
management' as the "reduction of pest problems by actions selected after the life systems of 
the pests are understood and the ecological, as well as the economic consequences of these 
actions have been predicted, as accurately as possible, to be in the best interests of mankind" 
(p 10-18). 
An increase in public concern of toxic chemicals heightened in the 1960's. This 
awareness can be attributed to the actions of Rachel Carson, a marine biologist and writer for 
the U.S. Fish and Wildlife Service. Carson and her scientific colleagues became alarmed by 
the widespread use of DDT and other persistent chemicals. They were especially concerned 
with the potential negative environmental impacts associated with use of these substances. 
As a result of these concerns, Carson began publishing her work in the New Yorker and 
subsequently wrote Silent Spring. This book sparked concern over the welfare of the 
environment, especially the detrimental effects associated with pesticide use. In 1970, the 
Nixon Administration responded by establishing the Environmental Protection Agency 
(Nownes, 1991). Furthermore, IPM was formulated into national policy in February 1972. 
President Nixon directed federal agencies to advance the concept and apply IPM in all 
relevant sectors (Ehler and Bottrell 2000). 
The scientific community continued to advocate the use of integrated tactics. In 
1976, Apple and Smith defined the term 'integrated pest management' as a management 
system for all pests (van Emden and Peakall 1996). This approach emphasized management 
of the pest, not the control tactic. 
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The next administration to address IPM was the Carter Administration. "In 1979, 
President Carter established an interagency IPM Coordinating Committee to ensure 
development and implementation of IPM practices" (Ehler and Bottrell 2000, p 3). The 
Clinton Administration also advocated IPM. In September 1993, this administration 
announced its commitment to reducing pesticide use and promoting sustainable agriculture 
through promotion of IPM on U.S. crop acreage (US Congress 1993). In fact, a goal was set 
to adopt IPM on 75 percent of the U.S. crop acreage by the year 2000 (Sorenson 1994). 
In 1996, the Food Quality Protection Act (FQPA) was signed into law. IPM is an 
important component of FQPA (Section 303) because IPM is an information-intensive 
approach to managing pests that employs tactics which often result in better environmental 
conservation. By promoting IPM, FQPA is promoting the further adoption of IPM, and thus 
promoting the more judicious use of pesticides. 
What is the current status of pesticide use and integrated pest management? 
According to the most recent U.S. EPA Pesticide Industry Sales and Usage Report, 1.23 
billion pounds active ingredient of conventional and other pesticide chemicals were applied 
in the U.S. in 1997 (Aspelin and Grube 1999). Furthermore, 77% (or 944 million pounds) of 
the chemicals were designated specifically for agricultural use (Aspelin and Grube 1999). 
More specifically, corn, soybean and cotton acreage account for 50.5% and 51.7% of 
the total principal crop acreage in the U.S. for 1999 and 2000, respectively (Skinner 2000). 
In 1999, 166.1 million acres of com, soybean, and cotton were planted and in 2000, 169.7 
million acres were planted (Skinner 2000). When focusing on these three crops, what 
quantity of pesticides were used for U.S. agricultural production? 
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Corn. According to data collected from 15 corn-growing states (68.3 million acres), 
the NASS survey indicated that 164 million pounds of pesticides were applied during the 
1999 growing season (NASS 2000). More specifically, 98% of these acres received 
herbicide applications and 30% received insecticide applications (NASS 2000). 
Soybean. Data collected from 17 soybean-growing states (67.8 million acres) 
indicated that 71.1 million pounds of pesticides were applied during the 1999 growing season 
(NASS 2000). More specifically, 96% of these acres received herbicide applications (NASS 
2000). Only 2% of these acres received insecticide applications (NASS 2000). 
Cotton. Data collected from 10 cotton producing states (13.3 million acres) indicated 
that 80.9 million pounds of pesticides were applied during the 1999 growing season (NASS 
2000). More specifically, 97% of these acres received herbicide applications and 84% of 
received insecticide applications (NASS 2000). 
Based on the NASS (2000) report, com, soybean, and cotton account for 166.1 
million acres of crop land in the U.S. In addition, over 300 million pounds of pesticides were 
applied on these three crops during the 1999 growing season. These data indicate the current 
status of pesticide use for one segment of U.S. agriculture. 
According to EPA, there are more than 500 insect and mite species resistant to one or 
more pesticides and 270 weed species resistant to herbicides, many resistant to more than one 
active ingredient (EPA 1996g cited in Benbrook 1996). Pimentel et al. (1993) claims that the 
costs associated with pesticide use are $520 million when accounting for the additional 
pesticides and increased crop losses that occur when natural enemies are destroyed by initial 
pesticide applications. 
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In addition, public concerns surrounding pesticide use persist. According to Pimentel 
et al. (1993), a 1989 survey conducted by the FDA determined that 97% of the public were 
concerned that their food was contaminated with pesticide residues. In another survey, 95% 
of consumers were concerned about pesticide and fertilizer residues in their drinking water 
(Anderson et al. 1996 as cited in Caldwell et al. 2000). 
In addition to the concerns surrounding pesticide use, the precise definition of 
integrated pest management has not been established. Today, many definitions of integrated 
pest management exist. According to research conducted by Bajwa and Kogan (1996), 
almost seventy definitions of IPM have been developed. In addition, many different tactics 
are available. As a result, the complexities associated with defining IPM and the lack of 
agreement of what constitutes IPM have resulted in dissimilar assessments in documenting 
progress to achieve this goal. 
Theoretical Frameworks for IPM 
To better understand the complexities associated with integrated pest management 
programs, one must look at the different theoretical approaches that have been used. The 
first approach promotes models that describe the foundational elements and/or the general 
process of IPM. The second approach advocates evaluation-based models. These articles 
include frameworks by which one can measure the adoption of IPM. The third approach 
provides a framework that describes the adoption of IPM by utilizing the adoption/diffusion 
theory. An examination of each approach will assist to better understand the theory of IPM. 
Foundational Theoretical Frameworks. A diagram (Pedigo 1999) of the major 
components an integrated pest management for insects identifies the necessary elements and 
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sheds light on the complexities of developing a program (Fig. 1). The elements of the 
program serve as building blocks to avoid significant losses from a pest. Although these 
building blocks represent the essential elements for an insect pest management program, it is 
important to understand that bridges may also be constructed for other types of integrated 
pest management programs. 
Integrated Pest Management 
Natural 
Enemies 
Impact 
Reproductive 
Caoacitv 
Host 
Resistance 
Modify 
Effective 
Environment 
Exclude 
Pests 
Pesticides 
Bioeconomics 
Population 
Dynamics 
Rearing or 
Culturing 
Life Cycle and 
Behavior Sampling 
Identification Seasonal Cycle 
Pest Losses 
Pest Losses 
Figure 1. Major Components of Integrated Pest Management (Redrawn from Pedigo 1999) 
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With these IPM components in mind, the theoretical framework, developed by Dent 
(1991), defines the process of developing an IPM program (Fig. 2). 
Evaluation Based Frameworks. Evaluation is an essential elemeait of any program 
because the evaluation determines if the program is achieving its intended goals and 
Research 
Phase 
Implementation 
Phase 
Problem 
Definition 
Phase 
Problem Ide ntification 
Problem Framing 
Definition of 
Implementation Needs 
Defîniti 
Research 
on of 
Needs 
Establishment of an Appropriate 
Research Organizational Structure 
—' Pure 
Research Tactical 
Strategic 
fl ition of ion Needs 
Farmer Evaluation 
Implementation Analysis 
Implementation Strategy 
Figure 2. Theoretical Framework for Integrated Pest Management (Dent 199»I) 
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purposes. According to Patton (1982), evaluation involves the collection of information 
about the activities, characteristics, and outcomes of programs to reduce uncertainties, 
improve effectiveness, and make decisions concerning future programs. 
To reinforce the importance of an evaluation component in programs, the federal 
government has mandated evaluations for purposes of determining effectiveness and 
accountability. The Government Performance and Results Act (GPRA), which was passed in 
1993, requires that strategic plans and numerical assessments of outcomes be submitted as a 
measurement of performance (Seevers et al. 1997). The IPM GPRA specifically requires 
submission of a description of the program evaluation as a component of the strategic plan. 
Thus, a formal evaluation of integrated pest management is an important component to 
determine if the program is achieving its goal of adopting IPM on 75% of crop acreage. 
What formal evaluations have been conducted to measure the adoption of IPM? 
Early studies that examined the adoption of IPM focused on specific crops in specific 
states. Boutwell and Smith (1981) and Smith et al. (1983) examined IPM in cotton 
production. Both studies provided a list of IPM practices that were weighted according to 
their relative importance within the IPM system. Rajotte et al. (1987) provided a 
comprehensive examination of Extension's Integrated Pest Management Programs. This 
national study examined IPM use of ten commodities in sixteen states using a case study 
approach. In 1989, the National Research Council reported adoption of IPM by examining 
the use of scouting and thresholds (Fernandez-Cornejo and Jans 1999). Although these early 
studies provided different methodologies for measuring IPM, they all established scouting 
and economic thresholds as basic elements of IPM (Fernandez-Comejo and Jans 1999). 
Studies conducted 1990-1993 also emphasized the use of economic thresholds and 
scouting (Ferguson and Lindamood 1992, Hollingsworth et al. 1992). More specifically, 
Hollingsworth et al. (1992) examined the adoption of IPM in Massachusetts apple 
production. In this study, a list of IPM practices was identified and weighted according to its 
relative importance within the IPM system. Calvin et al. (1992) examined the adoption of 
IPM in apple production and field crops (com and alfalfa). This study not only examined 
weighted IPM practices, but it also grouped growers into three clusters: non adopters, 
moderate IPM users and high IPM users. 
IPM measurement tools developed in 1994-96 continued to designate levels of 
adoption. Vandeman et al. (1994) used the established prerequisites of scouting and 
thresholds as requirements for practicing IPM. These researchers then identified three levels 
of IPM: low level (no additional tactics employed), medium level (one or two additional 
tactics employed), or high level (three or more additional tactics employed). Benbrook 
(1996) also used a multi-tiered system (No IPM, Low Level IPM, Medium Level IPM, and 
High or Biointensive IPM). 
Other measurement tools developed during this period tried to more precisely 
quantify the level of adoption by examining the percentage of use of IPM tactics (Czapar et 
al. 1995, Garber and Bondari 1996). Fuchs (1995) and Smith et al. (1996) developed a 
slightly different measurement tool. In this study, crop consultants, university specialists and 
producers rated the importance of 13 different tactics in cotton production. Tactics were then 
assigned a weight based on their relative importance in the system. An IPM grower was 
required to scout for insects, use economic thresholds, and obtain 70 of the 100 points 
available for using additional IPM tactics. However, most studies during this period focused 
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on crop specific measurements, not a systematic approach to measuring IPM. Vandeman et 
al. (1994) claimed "Just as pests are crop- and location-specific, IPM programs are specific to 
the crop and region for which they are designed" (p 3). 
Attempts to develop comprehensive approaches to measuring adoption of IPM are 
present in 1997-1999. Coble (1998) developed an approach to measuring IPM by focusing 
on four general areas of pest management: prevention, avoidance, monitoring, and 
suppression (PAMS). This approach advocated that viable tactics in each area would be 
identified. An IPM practitioner would be required to use tactics in three of the four areas. In 
addition, tactics would be weighted according to their importance in the system. Efforts to 
develop the procedures to weight or combine these tactics are still being developed 
(Femandez-Comejo and Jans 1999). 
Other measurement tools developed during this period quantified the level of 
adoption by examining the percentage of use of IPM tactics (Aerts 1998) or designated a 
multi-tiered system (No IPM, Low Level IPM, Medium Level IPM, and High or Biointensive 
IPM) to classify the level of adoption (Hubbell et al. 1997). However, these studies still 
focused on crop specific and region specific measurements of IPM adoption. 
Diffusion of Innovations Frameworks. The diffusion of innovations model 
proposed by Rogers (1995) has been utilized to understand and define the adoption of IPM. 
According to Rogers (1995), "Diffusion is the process by which an innovation is 
communicated through certain channels over time among the members of a social system" (p 
5). This model is particularly useful when considering the adoption of integrated pest 
management. More specifically, the model can be used to explain whether or not a grower 
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decides to use IPM, the communication method by which he learns about the system, the 
source of this information, and the timing of the information. 
Several research programs have sought to identify the most prominent and/or useful 
sources(s) of IPM information (Ford and Babb 1989; Thomas et al. 1990; Ortmann et al. 
1993). Other studies (Ridgley and Brush 1992; McDonald and Glynn 1994) have advocated 
selective adoption or bundling of technology based on the individual needs of growers. 
Most of these studies specifically examine the change agents. Rogers (1995) 
addresses a paradox with the change agents and the use of IPM. He points out that early 
extension personnel advocated the sole use of pesticides, and now they are promoting 
alternative forms of management and judicious use of pesticides. As a result, Extension 
personnel have been examined as a component of this information intensive program. 
Role of Extension in IPM. The main objective of Extension, as established by the 
Smith-Lever Act (1914), is to: "aid in diffusing useful and practical information on subjects 
relating to agriculture and home economics..(Jones 1952 cited in Allen and Rajotte 1990, 
p 380). More specifically, Extension has been given the opportunity to disseminate 
information concerning the development and modification of pest management programs 
using pest suppression technologies and management schemes (Allen and Rajotte 1990). In 
fact, the successful role of Extension can be traced back to the 1920's when Dwight Isley 
used scouting and economic thresholds to control the boll weevil in Arkansas cotton (Allen 
and Rajotte 1990). In 1971, Extension developed two pilot IPM programs: one in tobacco in 
North Carolina and one in cotton in Arizona (Botrell 1979, Rajotte et al. 1987). Extension 
involvement in IPM steadily has evolved and by 1978 programs were in existence in all 50 
states (Botrell 1979, Rajotte et al. 1987). Today, the Cooperative State Research Education 
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and Extension Service (CSREES) provides the "national leadership for IPM research and 
I P M  E x t e n s i o n  p r o g r a m "  ( U S D  A  2 0 0 0 ,  p i ) .  
Extension has been designated as a primary source of IPM information. As a result, 
studies have attempted to determine if growers use Extension information to adopt IPM. 
Hamilton et al. (1997), Des et al. (1998), Rajotte et al. (1987), Smith et al. (1996), Trede and 
Whitaker (1998) determined that growers use the Extension Service for pest management 
information. More importantly, Ridgley and Brush (1992), concluded that growers who 
highly valued Extension information were more likely to adopt IPM, than growers who 
valued other sources of information. 
Extension also has been an integral source for providing information indirectly to 
growers. According to Wintersteen et al. (1999), the most significant route of impact for 
Extension activities may be their ability to provide information to agribusiness personnel 
who pass this information to producers. This indirect route of information transfer has an 
impact on the private sector, which in turn, has an impact on the grower (Boehlje and King 
1998, Iles et al. 1998, Wintersteen et al. 1999). 
Conversely, other studies (Ortmann et al. 1993, Patrick et al. 1993, Pilcher and Rice 
1998) indicated that Extension was not a primary source of information and in some cases 
Extension was not considered an important source of information. In addition, growers 
claimed they were not using IPM because of a lack of information (Garber et al. 1996, USD A 
1998). 
Although the primary focus of these studies was on the source(s) of information, most 
considered the importance of the source(s) of information with regards to adoption of IPM. 
However, these studies did not provide a comprehensive approach to measuring IPM. 
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Summary 
Many attempts have been made to develop a measurement tool to measure the 
adoption of IPM. However, few attempts have been made to develop and utilize a 
standardized measurement tool. The absence of a measurement tool that is applicable across 
commodities and is adaptable to the needs of multiple agencies is clearly an impediment to 
measuring the adoption of IPM. According to Fernandez-Comejo and Jans (1999), "There 
have been encouraging advances in methodology in recent years, but a complete, practical, 
and accepted method to measure overall IPM adoption is not yet available" (p 9) 
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ESTABLISHING A THEORETICAL FOUNDATION 
TO DEVELOP A STANDARDIZED MEASUREMENT TOOL 
TO MEASURE THE ADOPTION OF INTEGRATED PEST MANAGEMENT (IPM) 
A paper submitted to American Entomologist 
C. L. Pilcher, P. Petrzelka, S. Padgitt, 
W. Wintersteen, J. DeWitt, and M. Duffy 
Introduction 
In September 1993, the Clinton Administration announced its commitment to 
reducing pesticide use and promoting sustainable agriculture through promotion of Integrated 
Pest Management (IPM) on U.S. crop acreage (United States Congress 1993). In fact, a goal 
was set to adopt IPM on 75 percent of the U.S. crop acreage by the year 2000 (Sorenson 
1994). During the past eight years, the complexities associated with defining IPM and the 
lack of agreement of what constitutes IPM have resulted in dissimilar assessments in 
documenting progress to achieve this goal. According to research conducted by Bajwa and 
Kogan (1996), almost seventy definitions of IPM have been developed (cited in Femandez-
Comejo and Jans 1999). 
This lack of consensus concerning the fundamental definition of IPM has resulted in 
various attempts to measure the adoption of IPM. These various attempts have not produced 
a standardized measurement tool. According to F ernandez-Comej o and Jans (1999), "There 
have been encouraging advances in methodology in recent years, but a complete, practical, 
and accepted method to measure overall IPM adoption is not yet available" (p 9). The 
absence of a standardized measurement tool is clearly an impediment to accurately 
measuring the adoption of IPM on U.S. crop acreage. 
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Thus, the purpose of this paper is to define the common themes and to identify a 
comprehensive model to serve as a theoretical foundation of IPM. Ultimately, this process 
will serve to develop the framework to develop a standardized measurement tool for the 
adoption of IPM. 
The specific objectives for this study include: 
• Examine the common themes associated with IPM definitions 
• Identify a comprehensive model that clearly incorporates these essential themes 
• Identify the quantifiable elements of the essential components of the model 
• Determine which elements are most appropriate for a standardized measurement tool 
Materials and Methods 
Literature sources containing IPM information included: academic institutions, 
environmental groups, governmental agencies, and the popular press. The specific types of 
written materials included: referred journal articles, position papers, grant proposals, press 
releases, and minutes of meetings. IPM definitions were examined for common themes and 
an appropriate definition was chosen. This definition served as the basis for the search for a 
theoretical model of IPM. A theoretical model served to identify the basic tenets and to 
graphically represent the logical process of a program. For purposes of this paper, the most 
comprehensive model (that supported the definition, described the most common 
components of IPM, and provided a graphical representation of the processes involved in an 
IPM program) was chosen for study. The model assisted in understanding the integration of 
these common themes in a process, identification of the common components of an IPM 
program, and examination of the individual elements used in an IPM system. The model also 
helped define the individual elements that should be examined to measure the adoption of 
IPM. 
Results and Discussion 
Definition 
The concept of integrated pest management has been practiced in the U.S. since the 
late 1800's. According to Botrell (1979), pest management was being advocated as a variety 
of pest control techniques (resistant crop varieties, cultural practices, and biological control) 
were prescribed. However, the concept was not defined until 1959. In 1959, the term 
'integrated control' was used to describe biological and chemical control for management of 
a pest (Stem et al. 1959). Geier and Clark (1961) used the term 'pest management' as the 
"reduction of pest problems by actions selected after the life systems of the pests are 
understood and the ecological, as well as the economic consequences of these actions have 
been predicted, as accurately as possible, to be in the best interests of mankind" (p 10-18). In 
1976, Apple and Smith defined the term 'integrated pest management' as a management 
system for all pests. From 1980-1996, Bajwa and Kogan (1996) identified 35 different 
definitions of IPM. Today, various definitions of IPM are used. 
According to Pedigo (1995), the original intent of the pest management concept as 
envisioned by Geier and Clark (1961), Smith and van den Bosch (1967), and others is a 
strong emphasis on integration of multiple management tactics. Stem et al. (1959), 
emphasize the integration of multiple management tactics as they define integrated control as 
" applied pest control which combines and integrates..." (p 81-101). Other themes that have 
20 
been cited as common include: monitoring pest population, an economic analysis including 
economic thresholds and economic injury levels, and the use of ecological information for 
management decisions (Pedigo 1995; Vandeman et al. 1994). By examining Bajwa and 
Kogan's (1996) culmination of IPM definitions from 1970-1996, one can see the relative 
importance of these themes, as well as other common themes (Table 1). 
Of the six definitions cited (Bajwa and Kogan 1996) from 1950-1969, 83% contain 
themes concerning economic analyses, 83% multiple tactics, and 33% ecological 
management. Considering only those definitions that address the use of multiple tactics, only 
40% list the multiple tactics, while 60% address the integration of these tactics by 
emphasizing the compatibility or combination of tactics. In addition, 33% of the definitions 
specifically address environmental considerations. And finally, 17% of the definitions 
advocate a systems approach through the use of a comprehensive, interdisciplinary, or 
multidisciplinary approach. 
Of the nine definitions cited (Bajwa and Kogan 1996) from 1970-1979, 67% contain 
themes of economic thresholds, 56% of ecological management, and 67% of multiple tactics. 
Focusing on definitions that address the use of multiple tactics, 83% address the integration 
of different tactics. Of the remaining definitions that address multiple tactics, (17%) list only 
the tactics. Other themes included specific environmental considerations (44%) and a 
systems approach (11%). 
From 1980 to 1989, fifteen definitions were cited by Bajwa and Kogan (1996). Of 
the definitions cited, 53% contain themes of multiple tactics, 33% of ecological management, 
20% of monitoring, and 27% of economic thresholds. Considering only the definitions that 
address the use of multiple tactics, 63% specifically advocate the integration of tactics. 
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Conversely, only 37% mention the tactics. Interestingly, this period is the first time the 
theme "judicious use of pesticides" is employed. This terminology is apparent in 2% of the 
definitions. Also, 27% of the definitions address specific environmental considerations. The 
systems approach is found in 13% of the definitions. 
Of the twenty definitions cited (Bajwa and Kogan 1996) from 1990-1996, 95% 
contain themes of multiple tactics, 70% of economic thresholds, 50% of ecological 
management, and 30% of monitoring. Considering only those definitions that address the 
use of multiple tactics, only 58% list the multiple tactics, while 42% address the integration 
of these tactics. Other themes included specific environmental considerations (50%), 
judicious use of chemicals (35%), and a systems approach (25%). 
With this historical information, it is apparent that the use of multiple tactics is 
consistently the most common theme of the IPM definition. Unfortunately, when isolating 
the definitions with this theme, a decrease in the emphasis on integration of these tactics is 
apparent during the periods 1980-1989 and 1990-1996. In addition, an increase in the listing 
of tactics has occurred during these same periods. Although the emphasis on economic 
considerations (thresholds), declined sharply during the period 1980-1989, it remains a 
common theme of IPM. In fact, during the period 1990-1996, it increased in emphasis. 
Ecological management also declined during 1980-1989 and increased during 1990-1996. 
As an integral part of ecological management, specific environmental considerations also 
witnessed a decrease and increase during these same periods. Although specific emphasis on 
monitoring and the judicious use of chemicals was not apparent during the period 1950-1959, 
an increase in both themes occurred in subsequent periods. Unfortunately, the only theme 
that decreased in terms of relative importance was a systems approach. The importance of a 
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systems approach is advocated by Hollingsworth et al. (1992), "Integrated pest management 
is a systems approach to pest management that considers all factors ultimately affecting the 
pest complex..." (p 12). 
In keeping with the original intent of the definition of IPM and developing the most 
comprehensive definition, an appropriate IPM definition should include all these common 
themes. The United States Department of Agriculture provides a definition that does address 
all these elements. According to USDA cited in Argonne National Laboratory (2000), 
IPM is defined as the judicious use and integration of various pest control 
tactics in the context of the associated environment of the pests in ways that 
complement and facilitate the biological and other natural controls of pests to 
meet economic, public health, and environmental goals. This ecologically-
based IPM is developed from a foundation of understanding and exploitation 
of natural cycles, natural controls, and environmental interactions to manage 
pests and brings the most advanced technology to challenge the managing 
pests in an integrated holistic manner (pi). 
This definition can serve as a starting point to search for an appropriate theoretical 
foundation for IPM. 
Theoretical Model for IPM 
Of the 94 articles examined, 32% of the articles proposed a theoretical approach to 
measuring the adoption of IPM, 46% of the articles provided a synthesis of research 
conducted to actually measure the adoption of IPM, and 9% of the articles contained both a 
theoretical approach and a synthesis of research. The remaining articles consisted of position 
papers, popular press articles or synopses of meetings. 
Focusing on the articles that contained a theoretical approach, it is apparent that three 
different techniques have been developed to describe and explain IPM. The first technique is 
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the use of evaluations. These articles include frameworks to measure the implementation and 
adoption of IPM. Boutwell and Smith (1981) and Smith et al. (1983) examined IPM in 
cotton production. Vandeman et al. (1994) used the established prerequisites of scouting and 
thresholds as requirements for practicing IPM. These researchers then identified three levels 
of IPM: low level (no additional tactics employed), medium level (one or two additional 
tactics employed), or high level (three or more additional tactics employed). Norton et al. 
(1997) described such an approach by identifying stakeholders, designating appropriate IPM 
tactics, and consolidating tactics to delineate at least four levels of IPM adoption. 
Evaluations also were conducted by Benbrook (1996), Calvin et al. (1992), Ferguson and 
Lindamood (1992), Hollingsworth et al. (1992), Rajotte et al. (1987) and others. 
Unfortunately, none of these models provide a graphical representation to clearly define the 
process. 
The second technique utilizes the diffusion of innovations research proposed by 
Rogers (1995). This research provides a framework to describe the process of adoption of 
IPM. Several research programs have sought to identify the most prominent and/or useful 
source(s) of IPM information (Ford and Babb 1989; Thomas et al. 1990; Ortmann et al. 
1993). Other studies (Ridgley and Brush 1992; McDonald and Glynn 1994) have advocated 
selective adoption or bundling of technology based on the individual needs of growers. 
Although these papers provide interesting information on the adoption of IPM, they often fail 
to provide information on the foundational elements of IPM. 
The third technique promotes a model to describe the foundational elements and/or 
the basic tenets of IPM. Gonzalez (1971) formed a diagrammatic representation to explain 
the foundational elements of an IPM system and the management techniques used in this 
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system. However, this model does not identify the essential information needed to make 
appropriate management decisions in an IPM system. Dent (1^991) developed a model to 
define the process of developing an IPM program. This general approach provides some 
useful information on the process, however it does not provide? information on the major 
themes associated with IPM. Pedigo (1999) used the Gonzalez model as a basis for his 
framework of IPM. Pedigo (1999) diagrammed the major components of an IPM system and 
identified the necessary elements, as well as shed light on the complexities of developing an 
IPM program. In October 1998, The U.S. Department of Agriculture advocated the use of a 
strategy of Prevention, Avoidance, Monitoring, and Suppression. However, critics of this 
approach claim: "The major problem with the PAMS approach, is that it does not recognize 
the concept of integration or compatibility among pest management tactics as envisioned by 
the founders of IPM" (Ehler and Bottrell 2000, p 2). 
For purposes of this paper, Pedigo (1999) provides the most comprehensive 
schematic representation of the key components of an integrated pest management program. 
This model can be used to identify the essential components of IPM. Although Pedigo 
(1999) claims this model is designed for insect pest management, the essential components 
can also be applied to weed pest management and disease pes t management. Once these 
essential components are defined, the specific elements may be identified. These specific 
elements may be quantified to ultimately measure usage and thus adoption of IPM. 
In the model, the foundational arch of the bridge represents the specific types of 
information required for this information-intensive approach. These include: identification, 
rearing/culturing, sampling, population dynamics, seasonal cyclic and life cycle/behavior, and 
bioeconomics. The processes involved in obtaining this information may be quantified by 
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measuring usage and thus indicate patterns of adoption. These processes include: scouting, 
monitoring, and keeping records throughout the growing season, as well as completing off 
season planning. Of the 94 articles examined, 57% of addressed scouting/monitoring, 22% 
addressed keeping records, and 7% addressed off season planning. Once this information is 
gathered, the development and use of thresholds may indicate patterns of adoption. This use 
of thresholds can be referred to as bioeconomics, the foundational stone of the bridge. Of 
the 94 articles examined, 51% addressed economic thresholds and 53% considered the costs 
of control. Additional types of information, not expressed in the model, include: attending 
meetings that cover IPM topics, receive publications and information about IPM. Of the 
94 articles examined, 9% addressed attending meeting and 12% addressed receiving 
publications or information on IPM. 
The source of this information is an important consideration for IPM programs. 
According to the United States Department of Agriculture (1998), "IPM strategies are 
science-based and information-driven, relying on educational programs to deliver new pest 
management techniques to agricultural producers, private consultants, pesticide applicators, 
and other persons making pest management decisions" (p 3). Of the 94 articles reviewed, 
14% examined the source of IPM information. 
Once this information has been obtained, management tactics must be implemented. 
In his model, Pedigo identifies some of the most useful tactics available for pest 
management. These tactics serve as the pillars of the bridge. These tactics include: 
pesticides, natural enemies, host resistance, modification of effective environment, exclusion 
of pests and impacting pest's reproductive capacity. By examining the individual 
components of these tactics, one can determine their relevance to adoption of IPM. 
26 
Pesticides are regarded as a viable tactic in an IPM program. As previously 
discovered, IPM emphasizes the judicious use of pesticides. "When treatments are 
necessary, the least toxic and most target specific pesticides are chosen" (Flint et al. 1991, p 
2). Of the 94 articles examined, 16% addressed the selection of chemicals that are least 
toxic. In addition, 13% addressed the use of reduced rates of pesticides, 16% addressed 
spot or selective spraying, 17% addressed banded applications, and 13% addressed 
calibration of a sprayer. 
The use of natural enemies is a key component of IPM. According to Flint (1993), 
"One goal of integrated pest management is to take advantage of the ecological relationship 
among hosts, pests, natural enemies and the environment to sustain long-term suppression of 
pest problems with minimum hazard to the environment" (p 68). Almost half (45%) of the 
articles examined advocated the use of biological control. Specific areas of biological 
control included the use of pheromone traps (23%). 
According to Pedigo (1999), "Planting resistant cultivars when available is one of oin­
most effective, economical, and environmentally safe management tactics" (p 433). This 
tactic was addressed in 36% of the articles examined. More specifically, transgenic crops 
have recently gained prominence as a form of resistant cultivars. In 1999, 72% of US corn 
and soybean acres were planted with transgenic crops (International Service for the 
Acquisition of Agri-biotech Application cited in PANNA 2000), yet only 9% of the articles 
addressed this technology as an integrated pest management tactic. 
Ecological management involves an understanding of the pests' ecological 
requirements for survival. Manipulation of the requirements can serve as an effective 
management tactic. Ecological management tactics addressed in the articles included: crop 
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rotation (39%), cultivation (an in-season activity) (29%), tillage (a pre- or post-season 
activity) (28%), alteration of planting or harvest dates (26%), destruction of crop debris 
(including stalks) (22%), and consideration of spatial arrangement (row width, planting 
density) (21%). 
Although the model considers impacting the pest's reproductive capacity as a viable 
tactic, no article addressed this tactic as a viable option in agriculture. Limitations associated 
with sterility programs have resulted in slow adoption of this management tactic (Pedigo 
1999) More specifically, areawide procedures for sterility programs usually require 
decisions that are beyond the realm of individual producers (Pedigo 1999). 
Unfortunately, Pedigo's model does not address nutrient management. Hollingsworth 
et al. (1992) advocates the systems approach by considering all factors that effect the pest 
complex, including plant nutrition and horticultural practices. Of the 94 articles examined, 
28% included issues on fertilizer recommendations, 26% on soil testing, and 12% on overall 
soil management. 
Once these elements have been identified, it is important to rank these elements. This 
ranking system determines the most prominent elements (Table 2). These elements will be 
examined for their appropriateness in the development of a standardized measurement tool. 
This examination will involve the review of existing measurement tools to determine which 
items are quantifiable and have field level applicability across commodities. 
Conclusions 
Based on the review of definitions and articles, essential themes and components of 
IPM were identified. First, an IPM program must have an integrated approach. The concept 
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of integration of multiple tactics was established by the founders of IPM in 1950's and 
I960's and has continued to be advocated in IPM programs. Second, an IPM program is an 
information-intensive approach and must have regular systematic monitoring. According to 
Vandeman et al. (1994), information is the most fundamental component of IPM because 
understanding the agricultural ecosystem is essential to preventing pest problems and 
monitoring determines when management tactics are needed. Other important themes 
include: economic considerations, economic analyses, judicious use of chemicals, and a 
systems approach. 
The process of developing and utilizing an IPM program must start with information 
gathering (monitoring). The most common individual elements include: keeping records 
and considering the source of information. Bioeconomics (consideration of costs of control 
and thresholds) determine the need for management. The most common management tools 
include: pesticides (banded spraying, selective spraying, and selection of chemicals that are 
least toxic), biological control (pheromone traps), ecological management (crop rotation, 
cultivation, tillage, altering planting/harvesting dates, destroying crop debris, and spatial 
arrangement), and resistant varieties. In addition, a system approach advocates the 
examination of general nutrient management through fertilizer recommendations and soil 
testing. It is important to note that additional elements exist and it is the integration of these 
elements that should be advocated. 
By establishing the essential themes, components, and process of integrated pest 
management, one has developed the foundational framework needed for further research. 
This is the first step to developing a standardized measurement tool to determine the adoption 
of integrated pest management. 
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Table 1. Components of Integrated Pest Management Definitions During Four Historical Periods.0 
Elements of the Definitions Percentage of Occurrence During Periods 
(n) 
1950-1969 1970-1979 1980-1989 1990-1996 
Multiple Tactics 83 67 53 95 
(5) (6) (8) (19) 
Focus on integration of tactics 60 83 63 42 
(3) (5) (5) (8) 
List of tactics 40 17 37 58 
(2) (1) (3) ( U )  
Monitoring 0 0 20 30 
(0) (0) (3) (6) 
Economic Thresholds 83 67 27 70 
(5) (6) (4) (14) 
Ecological Monitoring 33 56 33 50 
(2) (5) (5) (10) 
Environmental Considerations 33 44 27 50 
(2) (4) (4) (10) 
Judicious Use of Chemicals 0 0 2 35 
(0) (0) (13) (7) 
Systems Approach 17 11 13 25 
(1) (1) (2) (5) 
"Information adapted from Bajwa and Kogan (1996). 
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Integrated Pest Management 
Natural 
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Pest Losses 
Pest Losses 
Figure 1. Major components of an insect pest management program (Redrawn from Pedigo 
1999). 
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Tactic Percent of Use 
Scouting/Monitoring 57 
Costs of control 53 
Thresholds 51 
Biological control 45 
Crop rotation 39 
Resistant varieties 36 
Cultivation 29 
Tillage 28 
Fertilizer recommendations/management 28 
Soil testing 26 
Planting/harvest dates 26 
Pheromone traps 23 
Keep records 22 
Destroy crop debris 22 
Spatial arrangement 21 
Weed management 19 
Insect management 19 
Banded spraying 17 
Selection of chemicals that are least toxic 16 
Selective spraying 16 
Sources of information 14 
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THE ROLE OF EXTENSION AS A SOURCE OF INFORMATION 
FOR THE ADOPTION OF INTEGRATED PEST MANAGEMENT 
A paper submitted to Journal of Applied Communications 
C. L. Pilcher, G. Miller, P. Petrzelka, S. Padgitt 
Introduction 
Many organizations have been actively engaged in encouraging the adoption of 
Integrated Pest Management (IPM). These organizations include governmental agencies 
(United States Department of Agriculture (USDA), Environmental Protection Agency (EPA), 
Food and Drug Administration (FDA), and National Science Foundation (NSF)), land-grant 
universities, agricultural extension services, private consultants, consumer groups, and 
environmental organizations (Femandez-Comejo and Jans 1999). Extension has had a 
particularly integral role in the IPM program since its inception. Extension's role can be 
traced back to the 1920's when Dwight Isley used scouting and economic thresholds to 
control the boll weevil in Arkansas cotton (Allen and Rajotte 1990). In 1971, Extension 
developed a pilot IPM program in tobacco in North Carolina and a pilot program in cotton in 
Arizona (Rajotte et al. 1987). The number of IPM Extension programs steadily has increased 
and now programs can be found in all 50 states and six territories (Rajotte et al. 1987, USDA 
2000c). Today, the Cooperative State Research Education and Extension Service (CSREES) 
provides the "national leadership for IPM research and IPM extension programs" (USDA 
2000c). 
In terms of financial commitment towards IPM, Extension has received funding from 
federal, state, and private sources. Specific allocation of Smith-Lever 3(d) funds for IPM 
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became available in 1973 with $500,000 allocated (Rajotte et al. 1987). This allocation 
steadily increased until 1981 when IPM funds were $7 million per year (Rajotte et al. 1987). 
In 1996-1998, 10.8 million were allocated through the Smith-Lever 3(d) funds for IPM 
Education State Extension Programs (USDA 2000c). Most recently, $9 million were 
distributed to the states specifically for IPM Extension Education for fiscal 1999 (USDA 
2000a). 
These funds have been used for a variety of IPM programs. According to CSREES, 
the primary objective of the Pest Management Education Program is to support basic 
education and technology transfer to disseminate IPM information to farmers, crop 
consultants, and other IPM end users. (USDA 2000c) Thus, the development and 
dissemination of this information is the most fundamental component of IPM programs. The 
development phase of the program requires an understanding of the agricultural ecosystem so 
that appropriate preventative and curative approaches can be applied to pest problems. It 
also requires close monitoring of pest populations to determine when a population has 
reached an economically damaging threshold. Finally, there must be a rapid transfer of 
information to agricultural producers, private consultants, pesticide applicators, and other 
persons making pest management decisions so an IPM strategy can be implemented in a 
timely manner. 
Traditionally, Extension IPM information has been delivered to the grower through 
oral and written means (Rajotte et al. 1987). These means include farm visits, telephone 
contacts, newsletters, technical bulletins, and feature articles in newspapers (Rajotte et al. 
1987). Other means of delivery include conferences/meetings, workshops, demonstrations, 
videos and computer network systems. Efforts to enhance these educational opportunities 
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constantly are being employed, especially in the areas of communications networks and 
distance education (USDA 2000b). 
Extension has been designated as an integral source of information, but are growers 
using Extension as their primary source of information? Studies (Hamilton et al. 1997, Iles et 
al. 1998, Rajotte et al. 1987, Smith et al. 1996, Trede and Whitaker 1998) indicate that 
growers use the Extension Service for pest management information. More importantly, 
Ridgley and Brush (1992) concluded that growers who highly valued Extension information 
were more likely to adopt IPM, than growers who valued other sources of information. 
Extension has also been an integral source for providing information indirectly to 
growers. According to Wintersteen et al. (1999), the most significant route of impact for 
Extension activities may be their ability to provide information to agribusiness personnel 
who pass this information to producers. This indirect route of information transfer has an 
impact on the private sector, which in turn, has an impact on the grower (Boehlje and King 
1998, Iles et al. 1998, Wintersteen et al. 1999). 
Conversely, other studies (Ortmann et al. 1993, Patrick et al. 1993, Pilcher and Rice 
1998) indicated that Extension was not a primary source of information and in some cases 
Extension was considered not an important source of information. In addition, growers 
claimed they were not using IPM because of a lack of information (Garber et al. 1996, USDA 
1998). 
As considerable efforts and funds have been allocated to Extension dissemination of 
IPM information, it is important to determine if growers are using this information to adopt 
IPM on their crop acreage. The adoption/diffusion theory, defined by Rogers (1995), is the 
process by which the individual decides whether or not to use a new practice or technology 
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based on: the innovation, the sources used to communicate information about the innovation, 
time, and social context in which the innovation resides. As the farmers work through this 
decision making process and come closer to making a decision on adoption or rejection, they 
turn to information sources that they consider credible (Korsching and Hoban 1990, Rogers 
1995). Are growers using Extension sources of information to make pest management 
decisions? Is Extension information a useful source for making IPM decisions? If growers 
use Extension IPM information, are they more likely to adopt IPM practices on their 
acreage? 
The purpose of this research was to answer these questions and examine Extension 
EPM information. Specific objectives were to: identify the sources of information growers 
used to make IPM decisions, determine the relative usefulness of these sources of 
information, and assess if specific sources of information could be used to predict the 
adoption of IPM. 
Materials and Methods 
For purposes of this paper, 94 articles were examined to isolate the most commonly 
identified individual elements used to measure the adoption of IPM. These articles included 
referred journal articles, position papers, grant proposals, press releases, and minutes of 
meetings. Of the 52 elements identified, the element "information sources" was ranked as the 
17th most common element used in measuring the adoption of IPM. Next, 32 survey 
instruments were examined and five different sample questions were developed as potential 
methods to determine the relative usefulness of information sources. 
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These sample questions were given to an advisory council. This council consisted of 
farmers, consultants, and specialists in weed, insect and disease pests in crop production in 
Iowa. Using a focus group approach, the advisory council convened to determine the most 
appropriate way to determine which sources were used for EPM information and to measure 
the relative usefulness of IPM sources of information. Input from the participants was used 
to develop the survey instrument. The instrument identified 25 potential sources of 
information and consisted of a Likert type scale. This scale included the following response 
options, "Not Useful", "Somewhat Useful", "Very Useful", and "Do Not Use". A pilot test 
of the survey instrument was administered to 100 Iowa com/soybean producers. The 100 
growers consisted of 50 growers designated as IPM users and 50 growers designated as non-
IPM users. The respondents were purposely selected based on pre-determined levels of 
adoption of IPM production practices. This was necessary to determine EPM tactics that 
could clearly delineate IPM users from non-IPM users. These pre-determined levels were 
established by the university staff. The survey instrument was delivered to each grower by a 
trained interviewer. Each grower was given the option to immediately fill out the survey and 
return to it to the interviewer or mail the survey to the university. 
Data were analyzed using SPSS 10.0.5. Frequencies were used to determine which 
sources of information were used. Means were calculated to determine the relative 
usefulness of the sources of information. The chi-square test (P < 0.05) was used to 
determine the sources of information that most clearly delineated the differences between 
IPM users and non-EPM users. These sources of information were included in a revised 
survey instrument. 
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A retest, part of the test-retest procedure, was used to establish the reliability of the 
survey instrument. This retest survey instrument was administered to 50 of the original 100 
Iowa com/soybean producers. The growers consisted of 25 EPM users previously identified 
in the initial survey, and 25 non-IPM users previously identified in the initial survey. The 
retest portion of the study was conducted using a mail survey. A cover letter and survey 
were sent to the producers. Two complete follow-ups of nonrespondents were conducted. A 
reminder postcard was sent to nonrespondents 13 days after the initial mailing. A copy of the 
initial cover letter and survey were sent to nonrespondents 22 days after the initial mailing. 
Data from the retest were analyzed using SPSS 10.0.5. Frequencies and means of the 
selected information sources were calculated and compared with the original survey results. 
The chi-square test (P < 0.05) was again used to determine the sources of information that 
most clearly delineated the differences between EPM practitioners and EPM non-practitioners. 
Results and Discussion 
Response from the initial pilot test was 79 participants (79% response rate). Overall, 
respondents were on average 46 years old, fanned an average of 1,462 acres, and had farmed 
an average of 24 years. When comparing demographic information for respondents 
designated as "Individuals Practicing EPM" with respondents designated as "Individuals Not 
Practicing EPM", EPM practitioners were younger, farmed fewer acres and had farmed fewer 
years than EPM non-practitioners (Table 1). Differences between the completed level of 
formal education indicate that EPM practitioners were predominately college graduates (or 
more), while IPM non-practitioners were predominately high school graduates. Both groups 
considered farming as their predominant occupation. 
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Respondents were asked to identify the sources of information they used when 
making IPM decisions (Table 2). Respondents that were designated as "Individuals 
Practicing IPM" used a variety of print materials and face-to-face contacts for sources of IPM 
information. This group predominately used Extension resources, including: County 
Extension Agents (100%), Extension bulletins, manuals, handbooks (98%), Extension 
sponsored meetings (96%), and Extension sponsored workshops (93%). In addition, these 
growers also used general farm magazines (98%), field demonstrations (96%), University 
specialists (96%), and agri-products handbooks (93%) for sources of information when 
making IPM decisions. Respondents that were designated as "Individuals Not Practicing 
IPM" used a variety of sources when making IPM decisions. These sources included: Agri-
product dealers (100%), trade journals (97%), general farm magazines (96%), chemical 
company product meetings (96%), Extension bulletins, manuals, and handbooks (92%), field 
demonstrations (92%), agri-products handbooks (92%), neighbors or other farmers (92%) 
and commodity/ag industry meetings (92%). 
When focusing only on Extension sources of information, respondents designated as 
"Individuals Practicing IPM" used the following Extension sources more often than 
respondents designated as "Individuals Not Practicing IPM". These Extension sources 
included: Extension bulletins, manuals, and handbooks (Practicing IPM 98%, Not Practicing 
IPM 92%); Extension sponsored meetings (Practicing IPM 96%, Not Practicing IPM 83%); 
Extension sponsored workshop (Practicing IPM 93%, Not Practicing IPM 67% ); and County 
Extension agents (Practicing IPM 100%, Not Practicing IPM 80%) (Table 2). Extension 
videos, Extension computer networks, and Extension phone recordings were not commonly 
42 
used by either respondents designated as "Individuals Practicing IPM" nor respondents 
designated as "Individuals Not Practicing IPM". 
In addition, respondents were asked to indicate the relative usefulness of each type of 
information used. (Table 3). Respondents that were designated as "Individuals Practicing 
IPM" reported the highest level of usefulness for the following sources: University specialists 
(2.84); Extension bulletins, manuals, handbooks (2.80); Your own scouts (2.76); Extension 
sponsored workshop (2.69); Extension sponsored meetings (2.67); and County Extension 
agents (2.64). Respondents that were designated as "Individuals Not Practicing IPM" also 
reported the highest level of usefulness primarily for Extension sources of information. 
These sources included: Extension sponsored workshops (2.69); University specialists 
(2.65); Extension videos (2.64); County Extension agents (2.63); Extension sponsored 
meetings (2.60); and Extension bulletins, manuals, handbooks (2.59). These results indicate 
that both groups regard Extension resources as very useful sources for making IPM 
decisions. 
When comparing the two groups of respondents in terms of Extension resources, the 
results indicate that "Individuals Practicing IPM" tend to rank the usefulness very similarly 
to that of "Individuals Not Practicing IPM". This is most apparent when considering the 
face-to-face contacts including: Extension sponsored meetings (2.67, 2.60); Extension 
sponsored workshops (2.69, 2.69); and County extension agents (2.64, 2.63). These results 
suggest that both groups agree on the level of usefulness of these Extension sources of 
information. 
Although both groups of respondents agree that Extension sources of information are 
very useful when making EPM decisions, the groups do not use these sources to the same 
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extent. Significant differences (0.05 significance level) were found between "Individuals 
Practicing IPM" and "Individuals Not Practicing IPM" on the following sources of 
information: County Extension agents, Extension sponsored workshops, Local Agricultural 
Education Teachers, State Department of Agriculture, and Television. If these resources 
discern the difference between IPM practitioners and non-practitioners, they might assist 
with predicting adoption of IPM by Iowa com and soybean growers. 
The re-test procedure of the survey instrument identified only these five sources of 
information. Questionnaires were completed and returned by 32 participants (64% response 
rate). No significant differences were found when comparing the demographics of IPM 
practitioners and non-practitioners from the initial test with the retest. Thus, the sub-samples 
of IPM practitioners and non-practitioners were representative samples of the initial 
populations. 
Once again, respondents were asked to identify the sources of information they used 
when making IPM decisions and to indicate the relative usefulness of each type of 
information used. Once again, respondents designated as "Individuals Practicing IPM" used 
Extension sources of information more often. Respondents designated as "Individuals Not 
Practing IPM" also used Extension sources of information more often, however they used 
these resources to a lesser extent when compared to respondents designated as "Individuals 
Practicing IPM". 
No significant differences (0.05 significance level) were found between the 
designated IPM practitioners in the initial survey and the IPM practitioners in the re-test 
survey when examining the use of the selected sources of information. However, trends were 
similar to those found in the initial pilot test. When comparing IPM practitioners and IPM 
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non-practitioners, practitioners used Extension sponsored workshops and County Extension 
agents more than non-practitioners (90% and 58%, 95% and 92% respectively). In addition, 
IPM non-practitioners used television more than IPM practitioners (73% and 47%). This 
lack of significance (0.05 level) may have been a result of the low sample size (n = 32). 
In the retest, respondents that were designated as "Individuals Practicing IPM" 
reported the highest level of usefulness for the Extension sources: County Extension agents 
(2.56) and Extension sponsored workshops (2.53). Respondents that were designated as 
"Individuals Not Practicing IPM" reported the highest level of usefulness for the State 
Department of Agriculture (2.40). Overall, both groups tended to rank all of the selected 
sources lower in terms of relative usefulness when compared with the initial test. 
No significant differences (0.05 significance level) were found between the 
designated IPM practitioners in the initial survey and the IPM practitioners in the re-test 
survey when examining the relative usefulness of the selected sources of information. In 
addition, no significant differences (0.05 significance level) were found between the 
designated IPM non-practitioners in the initial survey and the same group in the re-test 
survey with regards to the relative usefulness of selected sources of information. 
When examining the designated sources of information as potential indicators of IPM 
adoption, no significant differences (0.05 significance level) were found between IPM 
practitioners and non-practitioners. Again, trends were similar to those found in the initial 
pilot test. Both groups indicated that Extension sources of information were useful sources 
of information. However, the lack of significance (0.05 level) may have been a result of the 
low sample size (n = 32). 
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Conclusions 
Both respondents designated as "Individuals Practicing IPM" and respondents 
designated as "Individuals Not Practicing IPM" claimed Extension sources of information 
were useful for making IPM decisions. Participants responded favorably to the variety of 
Extension programs offered. Thus, Extension should continue to provide these programs as 
well as implement new programs to disseminate IPM information. 
However, respondents designated as "Individuals Practicing IPM" used Extension 
sources of information more often than "Individuals Not Practicing IPM". The IPM 
practitioners tended to be younger and have completed a higher level of formal education 
when compared with the designated IPM non-practitioners. Perhaps these IPM practitioners 
tended to use Extension sources of information more often than IPM non-practitioners 
because of their exposure to IPM and Extension during their formal education. These results 
concur with the findings of Ridgley and Brush (1992) and Hamilton et al. (1997). In both 
studies, the authors concluded growers with more education had more regular contact with 
university researchers and thus were more receptive to the information provided by the 
university. 
The IPM non-practitioners indicated that they used agri-product dealers, trade 
journals, general farm magazines, chemical company product meetings, agri-products 
handbooks, and commodity ag industry meetings as sources of information. Often times, 
Extension provides information to these entities. This information is then passed to the 
grower. Perhaps Extension should strive to be acknowledged as the primary source of this 
IPM information. 
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Even though consideration of the source of information is an important factor for 
understanding the adoption of a new technology, it was not a variable that could be used to 
designate the difference between IPM practitioners and IPM non-practitioners to predict 
adoption of IPM in this study. As noted previously, trends were prevalent throughout the 
research but significance (at the 0.05 level) was not. Additional research must be conducted 
with an appropriate sample size. 
Extension is viewed as a useful source for making IPM decisions. This agency has 
been charged with the responsibility to disseminate IPM information. They have succeeded 
at providing useful information to growers, but they must continue to contribute to the 
adoption of this technology. They must also strive to be acknowledged as the source of IPM 
information. As growers continue to receive useful information, they will be able to continue 
to adopt these new IPM technologies. 
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Table 1. Selected demographic information. 
Demographic Individuals 
Practicing IPM 
(n = 46) 
Individuals Not 
Practicing IPM 
(n = 33) 
Age (years) 
Years farmed (years) 
Size of farming operation (acres) 
Formal education (%) 
Some high school or less 
High school graduate 
Vocation/Technical school 
Some college 
College graduate or more 
Primary occupation (%) 
Farming 
Off-farm job 
Both equally 
45 
23 
1,336 
2 
13 
7 
30 
48 
98 
0 
48 
26 
1,651 
0 
52 
6 
27 
15 
91 
50 
Table 2. Sources of Information Used To Make IPM Decisions (Initial Test). 
Source of Information Individuals Individuals Not 
Practicing IPM Practicing IPM 
(n = 46) (n = 33) 
Use Source (%) Use Source (%) 
Print and Electronic Media 
Extension bulletins, manuals, handbooks 98 92 
Agri-products handbooks 93 92 
Newspaper articles 91 88 
Trade journals 84 97 
General farm magazines 98 96 
Extension videos 51 58 
Extension computer network 53 42 
Computerized information sources 67 54 
Television 71 75 
Radio 89 88 
Extension phone recording 25 33 
Face-to-Face Contact 
Extension sponsored meetings 96 83 
Extension sponsored workshop 93 67 
Commodity/ag industry meetings 87 92 
Chemical co. product meetings 89 96 
Young farmer program 20 42 
Field demonstrations 96 92 
State Department of Agriculture 49 75 
County extension agents 100 80 
Local agricultural education teachers 27 50 
University specialists 96 83 
Neighbor or other farmers 91 92 
Independent consultants 64 71 
Agri-products dealers 91 100 
Your own scouts 76 67 
Other 9 33 
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Table 3. Relative Usefulness of Sources of IPM Information (Initial Test). 
Source of Information Do IPM Do Not Do IPM 
(n = 46) (n = 33) 
Mean SD Mean SD 
Print and Electronic Media 
Extension bulletins, manuals, handbooks 2.80 .41 2.59 .50 
Agri-products handbooks 2.26 .63 2.41 .50 
Newspaper articles 1.90 .58 2.29 .56 
Trade journals 2.26 .69 2.14 .47 
General farm magazines 2.27 .54 2.35 .49 
Extension videos 2.43 .59 2.64 .50 
Extension computer network 2.38 .65 2.20 .63 
Computerized information sources 2.33 .55 2.23 .60 
Television 1.31 .54 1.89 .76 
Radio 1.98 .58 2.19 .68 
Extension phone recording 1.64 .67 1.88 .99 
Face-to-Face Contact 
Extension sponsored meetings 2.67 .47 2.60 .60 
Extension sponsored workshop 2.69 .47 2.69 .60 
Commodity/ag industry meetings 2.36 .49 2.55 .51 
Chemical co. product meetings 2.28 .51 2.35 .57 
Young farmer program 2.00 .71 2.50 .71 
Field demonstrations 2.56 .50 2.41 .50 
State Department of Agriculture 2.05 .58 2.39 .78 
County extension agents 2.64 .48 2.63 .50 
Local agricultural education teachers 1.75 .62 2.42 .67 
University specialists 2.84 .37 2.65 .59 
Neighbor or other farmers 2.29 .56 2.36 .58 
Independent consultants 2.45 .51 2.59 .51 
Agri-products dealers 2.29 .51 2.54 .51 
Your own scouts 2.76 .43 2.56 .51 
Other 3.00 0 2.00 0 
1 = Not Useful, 2 = Somewhat Useful, 3 = Very Useful 
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Table 4. Sources of Information Used To Make EPM Decisions (Re-Test). 
Source of Information Individuals Individuals Not 
Practicing IPM Practicing IPM 
(n = 19) (n = 13) 
Use Source (%) Use Source (°/ 
County extension agents 95 92 
Extension sponsored workshop 90 58 
State Department of Agriculture 59 50 
Local agricultural education teachers 37 30 
Television 47 73 
Other 100 75 
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Table 5. Relative Usefulness of Sources of IPM Information (Retest). 
Source of Information Individuals Individuals Not 
Practicing IPM Practicing IPM 
(n= 19) (n = 13) 
Mean SD Mean SD 
County extension agents 2.56 .70 2.36 .50 
Extension sponsored workshop 2.53 .51 2.14 .69 
State Department of Agriculture 2.00 .67 2.40 .55 
Local agricultural education teachers 2.00 .82 2.00 0 
Television 1.67 .71 2.00 .53 
Other 2.50 .84 2.67 .58 
1 — Not Useful, 2 = Somewhat Useful, 3 = Very Useful 
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DEVELOPMENT OF A STANDARDIZED MEASUREMENT TOOL TO MEASURE 
ADOPTION OF INTEGRATED PEST MANAGEMENT 
A paper submitted to American Entomologist 
C.L. Pilcher, P. Petrzelka, S. Padgitt, W. Wintersteen, J. DeWitt, M. Duffy, T. Fuchs 
Introduction 
Pesticides are one available tactic to manage pest problems. In fact, the use of 
pesticides in some cropping systems has given rise to entirely new ways of production 
(Pedigo 1999). In other systems, pesticides continue to provide protection to yields. 
According to a survey conducted by the Weed Science Society of America, an estimated 
$19.5 billion could be lost if herbicides and best management practices were not available 
(National Research Council 2000). Another estimate concluded that crop yields could 
decrease by as much as 50 percent from insects and diseases in the absence of crop protection 
(Oeke et al. 1994, as cited in National Research Council 2000). 
The use of pesticides has become a prevalent means to manage pests. The latest 
reports conclude that 1.23 billion pounds of conventional pesticides were used in 1997 
(Aspelin and Grube 1999). Agriculture use accounts for 77 percent or 944 million pounds of 
pesticides at a cost $8.3 billion (Aspelin and Grube 1999). However, this use of pesticides 
does not come without public concern. The general public distrusts the use of pesticides. 
These consumers believe that everyone would be better off if pesticide use was decreased 
(Anonymous 1994, as cited in Caldwell et al. 2000). 
Government has responded to the consumer concerns by advocating the use of 
integrated pest management (IPM). The concept of IPM was first introduced into public 
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policy in 1972 under the Nixon Administration. In 1979, President Carter further advocated 
this concept by establishing an interagency committee. In September 1993, the Clinton 
Administration announced its commitment to reducing pesticide use and promoting 
sustainable agriculture through promotion of IPM on U.S. crop acreage (United States 
Congress 1993). In fact, a goal was set to adopt IPM on 75 percent of the U.S. crop acreage 
by the year 2000 (Sorenson 1994). 
The year 2000 has arrived and what attempts have been made to measure the adoption 
of IPM? Have we reached the goal set forth by the Clinton Administration? 
Early studies that examined the adoption of IPM focused on specific crops in specific 
states. Boutwell and Smith (1981) and Smith et al. (1983) examined IPM in cotton in 
Alabama. Both studies provided a list of IPM practices that were weighted according to then-
relative importance within the IPM system. Rajotte et al. (1987) provided a comprehensive 
examination of Extension's Integrated Pest Management Programs. This national study 
examined IPM use of ten commodities in sixteen states using a case study approach. In 
1989, the National Research Council reported adoption of IPM by examining the use of 
scouting and thresholds (Fernandez-Come]o and Jans 1999). Although these early studies 
provided different methodologies for measuring IPM, they all established scouting and 
economic thresholds as basic elements of IPM (Femandez-Comejo and Jans 1999). 
Studies conducted 1990-1993 also emphasized the use of economic thresholds and 
scouting (Ferguson and Lindamood 1992, Hollingsworth et al. 1992). More specifically, 
Hollingsworth et al. (1992) examined the adoption of IPM in Massachusetts apple 
production. In this study, a list of IPM practices was identified and weighted according to 
their relative importance within the IPM system. Calvin et al. (1992) examined the adoption 
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of IPM in apple production and field crops (corn and alfalfa). This study not only examined 
weighted IPM practices, it also grouped growers into three clusters: non adopters, moderate 
IPM users and high IPM users. 
IPM measurement tools developed in 1994-96 continued to designate levels of 
adoption. Vandeman et al. (1994) used the established prerequisites of scouting and 
thresholds as requirements for practicing EPM. These researchers then identified three levels 
of IPM: low level (no additional tactics employed), medium level (one or two additional 
tactics employed), or high level (three or more additional tactics employed). Benbrook 
(1996) also used a multi-tiered system (No IPM, Low Level IPM, Medium Level IPM, and 
High or Biointensive IPM). 
Other measurement tools developed during this period tried to more precisely 
quantify the level of adoption by examining the percentage of use of IPM tactics (Czapar et 
al. 1995, Garber and Bondari 1996). Fuchs (1995) and Smith et al. (1996) developed a 
slightly different measurement tool. In this study, crop consultants, university specialists and 
producers rated the importance of 13 different tactics in cotton production. Tactics were then 
assigned a weight based on their relative importance in the system. An EPM grower was 
required to scout for insects, use economic thresholds, and obtain 70 of the 100 points 
available for using additional IPM tactics. However, most studies during this period focused 
on crop specific measurements, not a systematic approach to measuring EPM. 
Attempts to develop comprehensive approaches to measuring adoption of IPM are 
present in 1997-1999. Coble (1998) developed an approach to measuring EPM by focusing 
on four general areas of pest management: prevention, avoidance, monitoring, and 
suppression (PAMS). This approach advocated that viable tactics in each area would be 
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identified. An IPM practitioner would be required to use tactics in three of the four areas. In 
addition, tactics would be weighted according to their importance in the system. Efforts to 
develop the procedures to weight or combine these tactics are still being developed 
(Fernandez-Cornejo and Jans 1999). Thus, several methodologies have been proposed, but a 
complete, practical, and accepted method to measure IPM adoption is still not available 
(Femandez-Comejo and Jans, 1999). 
As a result, the primary purpose of this paper was to take an important step towards 
developing a standardized measurement tool for the adoption of EPM that could be utilized by 
multiple agencies across different commodities. Specific objectives were: 
• to evaluate existing measurement devices to develop an appropriate tool with field 
level applicability. 
• to demonstrate the use of this tool across state lines with corn, cotton, and 
soybean production. 
Materials and Methods 
A definition of IPM was chosen and a theoretical model served to understand the 
integration of common themes in the IPM process, identification of the common components 
of an IPM program, and examination of the individual elements used in an IPM system 
(Pilcher 2000). These individual elements were chosen as the most appropriate quantifiable 
elements to measure the adoption of IPM. 
Once these individual elements were chosen, 23 EPM survey instruments were 
examined to determine how researchers measured the individual elements. These 
instruments were evaluated on their applicability to evaluate across different commodities, 
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especially corn, soybean, and cotton. Diverse examples of questions, measuring the 
individual elements, were chosen for review by two advisory councils (one in Iowa, one in 
Texas). The advisory council participants consisted of farmers, consultants, and specialists in 
weed, insect and disease pests in crop production. Using a focus group approach, the two 
advisory councils convened to determine the relevance of each tactic as well as the most 
appropriate way to measure each tactic. One member facilitated the session and encouraged 
input from the participants. Input from the participants was used to develop the survey 
instrument. 
A pilot test of the survey instrument was administered to 400 growers (200 Iowa 
corn/soybean producers and 200 Texas cotton producers). The 200 growers in each state 
consisted of 50 growers designated as IPM users, 50 growers designated as non-IPM users, 
and 100 random growers. The survey instrument was delivered to each grower by a trained 
interviewer. Each producer was given the option to immediately fill out the survey and 
return to the interviewer or mail the survey. The response rate for Iowa was 81% and the 
response rate for Texas was 79%. 
Data were analyzed using SPSS 10.0.5 (1999). The chi-square test (P < 0.05) and t-
test ÇP < 0.05) were used to determine the individual items that most clearly delineated the 
differences between IPM users and non-IPM users. These twenty-one individual items were 
used to develop IPM Scale I. Reliability for the scale was determined with Cronbach's alpha 
reliability coefficients. The reliability coefficients for the IPM users and non-IPM users were 
.75 and .78 for the Iowa and Texas scales, respectively. 
The survey instrument was revised and a retest was administered. This retest, part of 
the test-retest procedure, was used to further establish the reliability of the survey instrument. 
This retest survey instrument was administered to 200 growers (100 Iowa corn/soybean 
producers and 100 Texas cotton producers). The 100 growers in each state consisted of 25 
EPM users previously identified in the initial survey, 25 non-IPM users previously identified 
in the initial survey, and 50 newly identified random growers. The retest portion of the study 
was conducted using a mail survey in both states. The response rate for Iowa was 62% and 
the response rate for Texas was 37%. 
Due to the low response rate from Texas, data from Iowa and Texas were combined 
for the analyses. Data were analyzed using the same procedure as described for development 
of IPM Scale I. The items most clearly delineated the differences between IPM users and 
non-IPM users were used to develop IPM Scale II. Reliability for the scale was determined 
with Cronbach's alpha reliability coefficients. The reliability coefficient for the IPM users 
and non-IPM users was .74. Test-retest reliability analyses were conducted on the items 
selected for Scale I and Scale II. The percentage agreement for the 23 items was 90. 
Items that consistently delineated these differences were used to dbvelop the final 
scale, IPM Scale EH. Tactics were weighted according to their relative importance in the 
IPM system. In addition, levels of EPM adoption were defined. Finally, a preliminary 
assessment of the adoption of EPM was conducted with the random participants. 
Results and Discussion 
In the initial pilot test, there were no significant differences in Iowa and Texas 
participants in terms of: age, years farmed, or classification of farming as a full time or part-
time occupation (Table 1). The average age of the grower was 47 years of age and the 
average number of years farmed was 26 years. Approximately 91% of the respondents 
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reported that farming was considered their primary occupation. Significant differences were 
found between Iowa and Texas respondents in terms of the size of their farming operation 
and their highest level of formal education attained (Table 1). 
hi the test-retest, their were no significant differences in Iowa and Texas participants 
in terms of: age, years farmed, or formal education (Table 2). The average age of the farmer 
was significantly higher (52 years) and the average number of years farmed was also 
significantly higher (28 years) when compared to the initial pilot test. There were no 
significant differences between respondents in the initial pilot test and the retest in terms of 
formal education (P>0.05). Significant differences were found between Iowa and Texas 
respondents in terms of the size of their fanning operation and designation of their primary 
occupation in the retest. However, these differences were not significant when comparing 
respondents from the initial test (Table 1) and the retest (Table 2). 
Table 3 shows the 21 items chosen from the initial pilot test for IPM Scale I. Items 
chosen, from this survey instrument, were statistically different (P<0.05) in both Iowa and 
Texas or were significantly different (P<0.05) in one state and different (PO.IO) in the other 
state. Each item was re-coded so individuals practicing the IPM item received a score of 1 
for each item chosen. Total scores of the 21 items were calculated. Table 4 shows the range 
and mean scores for the participants designated at IPM users and non-IPM users. Overall, the 
IPM user had a higher mean score when compared with the non-IPM user. Significant 
differences between the IPM users and non-IPM users were found for both Iowa and Texas. 
As a result, these 21 items provided a focus for the development of the second survey 
instrument 
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Using the test-retest procedure, fourteen items from the second survey instrument 
were identified as components for the second scale. Each item in the second scale was 
chosen based on its overall performance in terms of designating the difference between IPM 
users and non-IPM users in the pilot test and retest (Table 5). In addition, several categories 
emerged from the retest. These categories indicate key areas in which IPM users and non-
IPM users can be clearly delineated. 
Table 6 shows the range and mean scores for the participants designated at IPM users 
and non-IPM users. Overall, the IPM user had a mean score when compared with the non-
IPM user. The differences between the mean scores were significant (P< 0.05). 
Results from the pilot test and retest indicated the importance of using three elements 
to clearly delineate the difference between growers practicing IPM and growers not 
practicing IPM. More specifically, these elements were essential components for designating 
a grower as an IPM user. These elements include: scouting, economic thresholds, and field 
record keeping. These results are consistent with the literature and previous attempts to 
measure EPM (Vandeman et al. 1994). 
Because these three elements are foundational components of the IPM system, they 
should be weighted according to their relative importance. Therefore, these three elements 
were given a score of 2. All other elements were given a score of 1. IPM Scale HI was 
developed by examining the frequency distributions of growers practicing IPM and growers 
not practicing IPM from Iowa and Texas in the initial test and retest. In IPM Scale HI, a 
grower must obtain a score of 9 to be considered an EPM practitioner. Thus, a "low IPM 
user" would need to use several of the essential elements, in addition to other IPM tactics to 
score a 9. A score from 10-12 would constitute a "moderate EPM user", a score from 13-15 
would constitute a "high IPM user" and a score from 16-17 would constitute a "very high 
IPM user". 
This new scale, IPM Scale HT, was then used to examine the IPM adoption of the 
random participants from the Iowa and Texas (Table 7). This preliminary assessment 
indicated that 60% of Iowa growers surveyed and 68% of Texas growers surveyed are IPM 
users. Furthermore, both Iowa and Texas growers surveyed tended to fall in the "Moderate 
IPM Users". However, these results should be considered only preliminary as the 
respondents were not truly random participants and the sample size was not adequate to 
represent the population. 
Further cautions with this preliminary data were evidenced when examining the 
results of initial test and retest for these random respondents (Table 8). Significant 
differences were shown for the random group of Iowa growers responding to the initial test 
compared with the retest. In the initial test, the random respondents could be classified 
generally as "moderate IPM users". However, in the retest the random respondents could not 
be classified as "IPM users". Again, these results should be viewed as preliminary due to the 
selection process and the low sample size, especially in the retest portion of this study. 
Conclusions 
A standardized measurement tool, consisting of 14 different items, was established to 
measure the adoption of IPM. These elements include: scouting (predetermined and 
systematic sampling), using economic thresholds (thresholds for insects and use of calculated 
thresholds), keeping records on a field by field basis, using resistant varieties (insect resistant 
varieties and avoiding varieties with insect problems, testing soil (performing tests every four 
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years and testing by soil type), following local pest reports (insect and disease management), 
treating fields on an individual basis, considering alternatives to pesticide applications, and 
using pheromone or sticky traps. This measurement tool has been successfully tested with 
different commodities (com, soybean, and cotton production) and across state lines (Iowa 
and Texas). It delineates the difference between IPM users and non-IPM users, hi addition, 
a scale has been developed to further characterize four levels of IPM adoption (low, 
moderate, high and very high). 
However this research was unable to provide an accurate assessment of the level of 
IPM adoption in Iowa and Texas. Inconsistencies in the preliminary results demonstrate the 
importance of utilizing this survey with an appropriate sample size. Utilization of this survey 
instrument, with an appropriate sample size, would provide an accurate assessment of the 
adoption of Integrated Pest Management. According to research conducted by Hanson et al. 
(1999), there were 90,792 farms in Iowa in 1997. Furthermore, 56,256 individuals 
considered farming as their primary occupation (Hanson et al. 1999). Thus, the appropriate 
sample size required to accurately (at 0.05 level) represent the adoption of IPM for Iowa 
farmers would be 384 individuals (Krejcie and Morgan 1970). 
To obtain this sample size, a population of620 farmers would be randomly selected. 
This population is based on the response rates of Iowa farmers in this study (81% for 
personal contact and 62% for the mail surveys). As a result, the population selected would 
accurately represent the level of adoption of IPM in Iowa com and soybean production. A 
similar methodology could be used to accurately represent the level of adoption of IPM in 
Texas in cotton production. This information provides the foundation to utilize this 
measurement tool to accurately determine the level of IPM adoption. 
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Table 1. Profile of Respondents from Initial Pilot Test. 
Demographic Iowa 
Respondent 
(n= 161) 
Texas 
Respondent 
(n = 157) 
AH 
Respondents 
(n = 318) 
Age (mean years) 47 48 47 
Years farmed (mean years) 25 26 26 
Farming operation (mean acres) a 1,303 1,912 1,606 
Formal education (%)b 
Some high school or less 2 1 2 
High school graduate 26 31 28 
Vocation/Technical school 9 1 5 
Some college 28 33 31 
College graduate or more 35 33 34 
Primary occupation (%) 
Farming 93 90 91 
Off-farm job 3 6 4 
Both equally 4 4 4 
^Significant differences between Iowa and Texas respondents t = -3.724, (P<0.05) 
^Significant differences between Iowa and Texas respondents chi-square = 11.350, (P<0.05) 
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Table 2. Profile of Respondents from Retest. 
Demographic Iowa 
Respondent 
(n = 62) 
Texas 
Respondent 
(n = 37) 
All 
Respondents 
(n = 99) 
Age (mean years) 53 50 52 
Years farmed (mean years) 29 28 28 
Farming operation (mean acres)3 861 2,250 1,402 
Formal education (%) 
Some high school or less 7 0 4 
High school graduate 37 24 32 
Vocation/Technical school 12 5 9 
Some college 23 32 27 
College graduate or more 22 38 28 
Primary occupation (%)b 
Farming 77 97 85 
Off-farm job 13 0 8 
Both equally 11 3 8 
^Significant differences between Iowa and Texas respondents t = -4.348, (P<0.05) 
^Significant differences between Iowa and Texas respondents chi-square = 7.628, (P<0.05) 
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Table 3. Elements Selected for IPM Scale I. 
IPM Elements 
Predetermined and scheduled timing of scouting 
Systematic sampling of scouting 
Economic thresholds for insects 
Calculated economic thresholds 
Use of insect resistant varieties 
Soil test performed/Soil sampling by soil type a 
Predictor of pest outbreaks as tool for pesticide application 
Use of pheromone or sticky traps 
Records kept on crop varieties—consultant 
Records kept on soil test results—on farm 
Records of pest densities by field—consultant 
Records of pest applications—on farm 
Treat on individual field basis—insects 
Follow pest reports—weeds 
Follow pest reports—insects 
Field records by field—weeds 
Consider application alternatives—weeds 
Consider application alternatives—insects 
Use of resistant varieties—insects 
Impact on health 
Level of crop injury 
a Soil test performed was used for the Texas scale and 'soil sampling by soil type' was used 
for the Iowa scale. Texas had a high inter-titem correlation for soil test performed, but a low 
correlation for soil sampling by soil type method. Iowa had the reverse. 
Table 4. Range and Mean Scores for lowa and Texas Respondents for IPM Scale L 
lowa* Texas" 
Range Mean Range Mean 
IPM users 8-20 14.89 7-22 15.41 
Non-IPM users 2-18 10.00 4-18 10.63 
* Point biserial correlation coefficient (-0.612, P < 0.01) 
b Point biserial correlation coefficient (-0.545, P < 0.01) 
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Table 5. Elements Selected for IPM Scale EL 
Item 
Scouting 
Predetermined and scheduled timing of scouting 
Systematic sampling of scouting 
Economic Thresholds 
Economic thresholds for insects 
Types of thresholds (calculated, subjective) 
Records on Field by Field Basis 
Records on soil test results kept on faim 
Resistant Varieties 
Use of insect resistant varieties or avoid varieties with insect problems 
Use of resistant varieties for insect management 
Soil Testing 
Soil test performed in field in past four years 
Soil sampling (soil type) 
Other Items 
Follow local pest reports (insect management) 
Follow local pest reports (disease management) 
Treat fields on individual basis (insect management) 
Consider application alternatives (insect management) 
Use of pheromone or sticky traps 
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Table 6. Range and Mean Scores for Respondents for IPM Scale H. 
Iowa/Texasa 
Range Mean 
IPM users 4-13 10.00 
Non-IPM users 0-11 6.14 
a Point biserial correlation (-0.602, P < 0.01) 
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Table 7. Frequency Distribution of IPM Scores of Iowa and Texas Random Respondents 
using IPM Scale 1H. 
Score Iowa Texas 
(n = 112) (n = 82) 
% % 
Non-IPM Users 5^8 " 40 32 
Low IPM Users 9 9 11 
Moderate IPM Users 10-12 36 33 
High IPM Users 13-15 13 20 
Very High IPM Users 16-17 2 4 
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Table 8. Range and Mean Scores of Pilot Test and Retest Random Respondents Using IPM 
Scale HI. 
Iowaa Texas 
(n = 112) (n = 82) 
Range Mean Range Mean 
Initial Test 2-16 10.07 3-16 10.26 
Final Test 0-15 5.80 7-15 9.60 
Total 0-16 8.93 3-16 10.16 
a Point biserial correlation coefficient (-0.492, P < 0.01) 
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GENERAL CONCLUSIONS 
Current Status 
In 1993, the Clinton Administration announced its commitment to reducing pesticide 
use and promoting sustainable agriculture through promotion of IPM on U.S. crop acreage 
(United States Congress 1993). However, the most recent U.S. EPA Pesticide Industry Sales 
and Usage Report claims 1.23 billion pounds active ingredient of conventional and other 
pesticide chemicals were applied in the U.S. in 1997 (Aspelin and Grube 1999). 
Furthermore, 77% (or 944 million pounds) of the chemicals were designated specifically for 
agricultural use (Aspelin and Grube, 1999). 
The complexities associated with defining IPM and the lack of agreement of what 
constitutes IPM have caused dissimilar assessments in documenting the successful adoption 
of IPM on U.S. crop acreage. No complete, practical, and accepted method has been 
established to measure the adoption of IPM (Fernandez-Comejo and Jans 1999). 
These concerns exemplify the need to establish a standardized measurement tool to 
determine the level of IPM adoption. This research established a theoretical framework for 
IPM. First, essential themes of an IPM definition were identified. These themes include: 
integration of multiple management tactics, monitoring of pest populations, an economic 
analysis including the use of economic thresholds, ecological monitoring for management 
decisions, environmental considerations, judicious use of chemicals, and development of a 
holistic or systems approach to managing the pest. Next, these themes helped to identify an 
appropriate theoretical framework (Pedigo 1999) to conceptualize the themes of IPM and to 
understand the process of IPM. In addition, this framework helped to identify the elements 
that would be used to develop a standardized measurement tool. 
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This research examined also evaluated existing IPM measurement devices and developed an 
appropriate measurement tool that could be used across state lines with three different 
commodities (corn, cotton, and soybean). This standardized measurement tool, consisting of 
14 different items, was established to measure the adoption of IPM. These elements include: 
scouting (predetermined and systematic sampling), using economic thresholds (thresholds for 
insects and use of calculated thresholds), keeping records on a field by field basis, using 
resistant varieties (insect resistant varieties and avoiding varieties with insect problems, 
testing soil (performing tests every four years and testing by soil type), following local pest 
reports (insect and disease management), treating fields on an individual basis, considering 
alternatives to pesticide applications, and using pheromone or sticky traps. This measurement 
tool delineates the difference between IPM users and non-IPM users. In addition, a scale has 
been developed to further characterize four levels of IPM adoption (low, moderate, high and 
very high). 
Finally, Extension has been given the role of providing "national leadership for IPM 
research and IPM extension program" (USDA 2000). This research identified Extension was 
a useful source of IPM information. Respondents designated as "Individuals Practicing 
IPM" used Extension sources of information more often than "Individuals Not Practicing 
IPM". However, the "Individuals Not Practicing IPM" used agri-product dealers, trade 
journal, general farm magazines, chemical company product meetings, agri-products 
handbooks, and commodity ag industry meetings as sources of information. Often times, 
Extension provides information to these entities. Thus, Extension is a source of information 
for the "Individuals Not Practicing IPM". 
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Extension has succeeded at providing useful information to growers, but they must 
continue to contribute to the adoption of this technology. They must also strive to be 
acknowledged as the source of IPM information. 
Implications For Future Research 
The standardized measurement tool is a valid and reliable instrument that can 
measure the adoption of IPM across state lines with different commodities. It is now time to 
begin to assess the level of adoption in Iowa com and soybean production and Texas cotton 
production, hi addition, it is time to continue testing this measurement tool. The next test 
should be the movement across a state line, such as Illinois, to test its applicability in com 
and soybean production in the new state. As this tool continues to demonstrate its ability to 
accurately and precisely measure the adoption of IPM, it will continue to gain prominence as 
the standardized measurement tool for measuring IPM on US crop acreage. 
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APPENDIX A: INTIAL SURVEY INSTRUMENT 
Integrated Pest Management Survey 
We are interested in obtaining information on your pest management practices. This research is being 
conducted in conjunction with Texas A&M, in the hopes of developing an instrument that reliably 
measures the use of Integrated Pest Management (IPM) techniques. Our goal is to construct a much 
shorter and simpler instrument than you will find here. Unfortunately this requires us to ask 
questions that at times may seem repetitive and very detailed. Because of this, we especially 
appreciate your time, patience and cooperation. 
Most likely, not all your fields are managed alike. For the following questions, please indicate the 
dominant practices that are most typical for your farming operation. 
1. Please indicate the scouting practice that you primarily use. (Check all that apply). 
Predetermined and scheduled timing (i.e. scouting is based on timing) 
Systematic sampling (i.e. a set pattern is used in fields) 
General observations (i.e. periodically checking the field) 
Do not scout (go to Question 3). 
2. Who scouts your fields? (Check all that apply) 
Operator or family member 
Farm supply/chemical dealer 
Crop Consultant/commercial service 
Other (Please specify J 
3. Please indicate the frequency with which you conduct the following activities in an 
average year. 
Pre-planting observation of field conditions (eg. 
checking for pests) 
As 
Once Twice 3 Plus Needed 
12 3 4 
Early season assessment (eg. checking pest 
populations and pressure) 
Mid-season assessment 
Late season assessment 
2 
2 
2 
3 
3 
3 
4 
4 
4 
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4. We are Interested in knowing how you determine when to administer pesticide 
applications. For each pest given, please indicate the type of information you use to make 
this determination (Check all that apply). 
Economic 
Thresholds 
Reached 
Insects 
Diseases 
Weeds 
Nematodes 
Pest 
Calendar Field Presence 
Schedule History in Field 
5. If you use economic thresholds, what type of threshold do you use? (Circle one.) 
Calculated (e.g. pre-determined by University, dealer, etc.) 1 
Subjective (e.g. own rule of thumb) 2 
Other (please specify ) 3 
6. When determining threshold levels do you consider effects of aU pests? (for eg., the 
presence of two insect defoliators). 
Yes 1 
No 2 
7. When determining threshold levels do you consider potential value of the crop being 
produced? 
Yes 1 
No 2 
8. Do you take action to conserve or preserve beneficial insects as part of your pest control 
decisions? 
Yes 1 
No 2 
9. Is protection of naturally occurring beneficial insects a factor in your pest control 
decisions (including honey bees)? 
Yes 1 
No 2 
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10. Do you modify the selection of your insecticides to protect beneficial insects? 
Yes, always 1 
Yes, sometimes 2 
No 3 
11. Do you follow recommended planting dates? 
Yes 1 
No 2 
12. Do you plow down, or otherwise destroy stalks to provide a host free period? 
Yes 1 
No 2 
13. Do you rotate crops on some fields? 
Yes 1 If yes, why do you rotate crops? (Check all that apply.) 
No 2 Use benefit of nitrogen fixation 
Reduce insect problems 
Manage pest resistance 
Reduce weed problems 
Reduce disease problems 
Other (Specify 
14. How often do you rotate crops? 
Annually 1 
At least every two years 2 
Other (please specify ) 3 
15. What is your dominant crop rotation on land in corn in 1999? (Write in crops for 1999 to 
2001.) 
Year 1999 Year 2000 Year 2001 
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16. Do you rotate among crop varieties? 
Yes 1 
No 2 
17. Please indicate which of the following Integrated Pest Management practices you use. 
(Check all that apply). 
Disease resistant varieties, or avoid varieties with major disease problems 
Nematode resistant varieties, or avoid varieties with major nematode problems 
Insect resistant varieties, or avoid varieties with major insect problems 
Herbicide resistant varieties 
None of the above 
18. Please indicate how often you use tillage practices (both pre and post-season activities) to 
manage the following pests. 
Annually Sometimes Never 
bisects 12 3 
Diseases 12 3 
Weeds 12 3 
19. In total, what percentage of your 1999 row crop acres did you rotary hoe or cultivate for 
weed management? 
Rotary hoe Cultivate 
% of acres % of acres 
20. After plant emergence, do you cultivate row crops? 
Yes 1 If yes, please indicate how many times you cultivate per crop year. 
No 2 times per year 
If yes, why do you cultivate? (Check all that apply.) 
Reduce weed problems 
Apply a pesticide or fertilizer at same time 
Insect control 
Ridge up the rows 
Aerate the soil 
Other (please specify ) 
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21. Indicate which of the following you use to determine fertilizer rates. (Check all that apply.) 
Soil test lab recommendations 
Yield potential of field 
Historical yields 
Past practices (i.e., tradition) 
Manure credits 
Dealer recommendation 
Use soybean credits of at least 1 lb. N per bushel of yield 
Alfalfa or legume credits of at least 80-100 lbs. N per acre 
Other (please specify ) 
22. Was a soil test performed on your fields in the past four years? 
Yes 1 If yes, how was the sample gathered? (Check all that apply.) 
No 2 
Late spring soil test for nitrogen 
Soil sampling using a grid or soil type method for P, K, pH 
Did you follow the test recommendation? 
Yes 1 
No 2 
23. If you raise soybeans, do you soil test at least every four to six years for soybean cyst 
nematodes? 
Yes, all fields 
Yes, certain fields 
No 
1 
2 
3 
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24. What method do you use for soil nutrient tests? (Check all that apply.) 
Soil sampling using a grid 
Soil sampling by size of sample area 
Soil sampling by soil type method 
Soil sample by fertilizer supplier 
Soil sample by self or independent consultant 
Other (please specify ) 
Don't know 
25. Please indicate how often and which of the following techniques you use for pest 
management. 
Not 
Familiar 
with 
Technique 
5 
5 
5 
5 
5 
5 
Pest Management Technique Every Irregularly/ Never 
AnnuaUv other year 0ccasionallv 
Adjust planting or harvesting 
dates to avoid insect pests 1 
Adjust planting or harvesting 
dates to avoid weed pests 1 
Adjust planting or harvesting 
dates to avoid diseases 1 
Use prediction of pest 
outbreaks as a tool for 1 
pesticide application 
Use degree day calculations 
(heat units) for pest 1 
management decisions 
Use pheromone or sticky traps 
for monitoring insects 1 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
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26. Please indicate who (if anyone) keeps field-bv-field records of your farming operation. 
(Check all that apply.) 
Planting dates 
Field operations (tillage, 
planting, date) 
Pest conditions 
Crop varieties or types 
planted 
Fertilizer/Nutrient use 
Soil test results 
Cultural procedures 
Tillage practices 
Pest densities by field 
Pesticide applications by 
field 
Biological control 
techniques used 
Yields 
*By consultant we mean a service, information or recommendations provided to you by a 
person or firm on specific aspects of raising field crops. This excludes Coops, farm supply 
dealers, industry representatives, or public agencies such as NRCS and Extension where 
information is provided to you at no charge or no special fee. 
27. Do you vary row spacing to control for the following pests? (Check all that apply). 
On Farm 
(Kept by Spouse 
or Producer) Consultant* Dealer 
Not regularly 
or 
systematically 
kefit 
Insects 
Diseases 
Weeds 
None of the above 
28. Do you plant to achieve the recommended number of plants per acre? 
Yes 
No. 
1 
2 
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29. For the following question, we are interested in knowing what is entailed in your weed, 
insect and disease management. For each pest, please indicate the management techniques 
you use. 
I Weeds Insects Diseases j 
Monitor stand establishment 
Sample to determine key pest abundance 
Adjust application rates per situation 
Calibrate application equipment annually 
Treat on individual field basis 
Follow local pest reports (eg. Extension 
publications/crop consultant information) 
Maintain records by field 
Rotate varieties 
Rotate pesticides 
Consider application alternatives (broadcast, 
banding, spot applications j 
Spray only the perimeters of the field 
Use of resistant varieties 
Use other non-chemical controls (cultivation, 
rotation, timing) 
Do nothing 
30. Which of the following determines the type of pesticides you choose? (Check all that 
apply). 
Effectiveness in controlling pests 
Impact on applicator's health 
Impact on environment 
Level of existing crop injury 
Cost of pesticides 
Other (Please specify ) 
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31. Does your pesticide selection and use include a consideration for the following? (Check all 
that apply.) 
Water quality 
Run off potential 
Drift injury potential 
Impact on beneficial insects 
Impact on human health 
General environmental concerns 
32. Suppose you had the opportunity to explain IPM to another farmer. Below are points 
you might use in your explanation. Please tell us how important you think each 
statement would be to your explanation. 
Do not use or understand the word IPM. Go to Question 34. 
Not At All Somewhat Somewhat Very 
Important Unimportant Undecided Important Important 
IPM is a more sustainable system 
than current practices 
IPM protects beneficial insects 
IPM reduces the cost per unit of 
production 
IPM helps maintain or increase 
yield and quality 
IPM is better for human health 
than conventional practices 
IPM reduces water contamination.. 
IPM improves farm profitability.... 
IPM reduces introducing 
pollutants into the environment 
IPM reduces production risks 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
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33. There are many sources of information to use when making IPM decisions. Please 
indicate the sources of information you use and the usefulness of these sources. If you 
did not use a particular source, please indicate so in the column "Do Not Use". 
Type of IPM Information 
Print and Electronic Media 
Usefulness of IPM Information 
Not 
Useful 
Extension bulletins, manuals, handbooks • 
Agri-products publications • 
Newspaper articles • 
Trade journals O 
General farm magazines • 
Extension videos • 
Extension computer network • 
Computerized information sources • 
Television • 
Radio • 
Extension phone recordings • 
Face-to-Face Contact 
Extension sponsored meetings • 
Extension sponsored workshop • 
Commodity/ag industry meetings • 
Chemical co. product meetings Q 
Young farmer program • 
Field demonstrations • 
State Department of Agriculture • 
County extension agents • 
Local agricultural education teachers • 
University specialists • 
Neighbor or other farmers • 
Independent consultants • 
Agri-products dealers • 
Your own scouts • 
Other • 
Somewhat 
Useful 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
Very 
Useful 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
Do Not 
Use 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
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34. What is your age? years 
35. How many years have you farmed? years 
36. What is the size of your farming operation? 
37. What formal education have you completed? 
Some high school or less 1 
High school graduate 2 
Vocational/Technical school 3 
Some college 4 
College graduate or more 5 
38. What do you consider your primary occupation: 
Farming 1 
Off-farm job 2 
Both equally 3 
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APPENDIX B: RETEST SURVEY INSTRUMENT 
Integrated Pest Management Survey 
We are interested in obtaining information on your pest management practices. For the following 
questions, please indicate the dominant practices that are most typical for your farming operation. 
1. Please indicate the scouting practice that you primarily use. (Check all that apply). 
Predetermined and scheduled timing (i.e. scouting is based on timing) 
Systematic sampling (i.e. a set pattern is used in fields) 
General observations (i.e. periodically checking the field) 
Do not scout. 
2. We are interested in knowing how you determine when to administer pesticide 
applications. Please indicate the type of information you use to make this determination 
(Check all that apply). 
Calendar Schedule 
Field History 
Pest Presence in Field 
Economic Thresholds Reached 
3. If you use economic thresholds, what type of threshold do you use? (Circle one.) 
4. Please indicate which of the following Integrated Pest Management practices you use. 
(Check all that apply). 
Disease resistant varieties, or avoid varieties with major disease problems 
Nematode resistant varieties, or avoid varieties with major nematode problems 
Insect resistant varieties, or avoid varieties with major insect problems 
Herbicide resistant varieties 
None of the above 
Calculated (e.g. pre-determined by University, dealer, etc.) 1 
2 
3 
Subjective (e.g. own rule of thumb) 
Other (please specify ) 
89 
5. Was a soil test performed on your fields in the past four years? 
Yes. 
No... 
1 
2 
What method do you use for soil nutrient tests? (Check all 
that apply.) 
Soil sampling using a grid 
Soil sampling by size of sample area 
Soil sampling by soil type method 
Soil sample by fertilizer supplier 
Soil sample by self or independent consultant 
Other (please specify ) 
Don't know 
6. Please indicate how often and which of the following techniques you use for pest 
management. 
Pest Management Technique 
Adjust planting or harvesting dates 
to avoid insect pests 
Adjust planting or harvesting dates 
to avoid weed pests 
Adjust planting or harvesting dates 
to avoid diseases 
Use prediction of pest outbreaks as 
a tool for pesticide application 
Use degree day calculations (heat 
units) for pest management 
decisions 
Use pheromone or sticky traps for 
monitoring insects 
Annually or everv 
other vear 
1 
Occasionally 
2 
Never/Not 
Familiar 
with Techniaue 
3 
1 2 3 
1 2 3 
1 2 3 
1 2 3 
90 
7. Please Indicate who (if anyone) keeps field-bv-field records of your farming operation. 
(Check all that apply.) 
On Farm Not regularly or 
(Kept by Spouse systematically 
or Producer) Consultant Dealer kept 
Crop varieties or types planted 
Soil test results 
Pest densities by field 
Pesticide applications by field 
Planting dates 
Field operations (tillage, 
planting, date) 
Pest conditions 
Fertilizer/Nutrient use 
Cultural procedures 
Biological control techniques 
used 
Yields 
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8. For the following question, we are interested in knowing what is entailed in your weed, 
insect and disease management. For each pest, please indicate the management techniques 
you use. 
| Weeds Insects Diseases | 
Treat on individual field basis 
Follow local pest reports (eg. Extension 
publications/crop consultant information) 
Maintain records by field 
Consider application alternatives (broadcast, banding, 
spot applications) 
Use of resistant varieties 
Monitor stand establishment 
Sample to determine key pest abundance 
Adjust application rates per situation 
Calibrate application equipment annually 
Rotate varieties 
Rotate pesticides 
Spray only the perimeters of the field 
Use other non-chemical controls (cultivation, rotation, 
timing) 
Do nothing 
9. Which of the following determines the type of pesticides you choose? (Check all that 
apply). 
Effectiveness in controlling pests 
Impact on applicator's health 
Impact on environment 
Level of existing crop injury 
Cost of pesticides 
Other (Please specify ) 
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10. There are many sources of information to use when making IPM decisions. Please indicate 
the sources of information you use and the usefulness of these sources. If you did not use a 
particular source, please indicate so in the column "Do Not Use". 
Type of IPM Information Usefulness of IPM Information 
Not Somewhat Very Do Not 
Useful Useful Useful Use 
Extension sponsored workshop • • • • 
State Department of Agriculture • • • • 
County extension agents • • • • 
Local agricultural education teachers • • • • 
Television • • • • 
• • • • 
11. What is your age? years 
12. How many years have you farmed? years 
13. What is the size of your farming operation? acres 
14. What formal education have you completed? 
Some high school or less 1 
High school graduate 2 
Vocational/Technical school 3 
Some college 4 
College graduate or more 5 
15. What do you consider your primary occupation: 
Farming 1 
Off-farmjob 2 
Both equally 3 
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APPENDIX C: FINAL SURVEY INSTRUMENT 
1. Please indicate which of the following practices you use on your farming operation. 
(Check all that apply) 
Predetermined and scheduled timing when scouting 
Systematic sampling when scouting (i.e. a set pattern is used in fields). 
Economic thresholds to determine appropriate action 
Use calculated thresholds 
Use pheromones or sticky traps for monitoring pests 
Consider application alternatives for insect management 
Follow local pest reports for insect management 
Treat on individual field basis for insect management 
Use resistant varieties for insect management 
Avoid varieties with major insect pest problems 
Follow local pest reports for disease management 
Conduct soil testing at least every four years 
Soil sample conducted by soil type methods 
Field-by-field records of soil test results kept by self/spouse/consultant 
2. What is your age? years 
3. How many years have you farmed? years 
4. What is the size of your farming operation? acres 
5. What formal education have you completed? 
Some high school or less 1 
High school graduate 2 
Vocational/Technical school 3 
Some college 4 
College graduate or more 5 
6. What do you consider your primary occupation: 
Farming 1 
Off-farm job 
Both equally. 
2 
3 
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APPENDIX D: HUMAN SUBJECTS FORM 
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Information for Review of Research Involving Human Subjects 
Iowa State University 
(Please type and use the attached instructions for completing this form) 
L Title of Project Standardized Measurement Tool for Adoption of Integrated Pest Management 
I agree to provide the proper surveillance of this project to insure that the rights and welfare of the human subjects are 
protected. I will report any adverse reactions to the committee. Additions to or changes in research procedures after 
the project has been approved will be submitted to the committee for review. I agree to request renewal of approval for 
any project continuing more than one year. 
Steve Padeitt 12/09/99 
Typed name of principal investigator 
Sociology 
Date 
303 East Hall 
Department 
294-1122 
Phone number to report results 
3. Sigimtdres of otiténm^estigators 
»/ y ' / -
1 .;~K // 
Campus address 
Date 
12/09/99 
12/09/99 
/ 
D •é- £-" 7C 's - -r Signature of principal investigator 
4. Principal investigator; s) (check all that apply) 
!5<1 Faculty • Staff l3 Graduate student 
5. Project (check all that apply) 
ExI Research £3 Thesis or dissertation HH Class project 
6. Number of subjects (complété all that apply; 
= adults, non-students: 300 # minors under 14: 
# ISU students: other 
Relationship to principal investigator 
Co-investigator 
Co-investigator 
I I Undergraduate student 
• I Independent Study (490. 590. Honors project) 
# minors 14-17 
7. Brief description of proposed research involving human subjects: 
The primary objective of this research is to develop a standardized measurement tool for the adoption of Integrated 
Pest Management that can be utilized by multiple agencies across different commodities. Two surveys will be 
conducted. The first is a pilot test among 200 producers drawn from a purposive sample, located within the state of 
Iowa. Based on data findings from this survey, a second, more precise and efficient survey instrument will be 
constructed. This will then be administered to 100 of the initial group surveyed as well as an additional 100 random 
sample. 
8. Informed Q Signed informed consent will be obtained. (Attach a copy of your form.) 
Consent: 
Ê3 Modified informed consent will be obtained. (See instructions, item 8.j 
• Not applicable to this project. 
httpyZwww.grad-college.iastate.edu/fofms/HumanSubjects.doc GC 9/99 
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9. Confidentiality of Data: Describe below the methods you will use to ensure the confidentiality of data obtained. 
The attached cover letter will be sent to the initial 200 fanners. A similar cover letter will be sent for the second 
survey. Consent is implied with completion of the survey. An identifying link will be placed on the survey for 
purposes of follow-up. However, once data collection is completed and surveys are entered, identifying links to the 
survey will be destroyed. 
10. What risks or discomfort will be part of the study? Will subjects in the research be placed at risk or incur discomfort? 
Describe any risks to the subjects and precautions that will be taken to minimize them. (The concept of risk goes 
beyond physical risk and includes risks to subjects' dignity and self-respect as well as psychological or emotional risk. 
Subjects will not be placed at any risk nor will they experience discomfort. 
11. CHECK ALL of the following that apply to your research: 
H A. Medical clearance necessary before subjects can participate 
H B. Administration of substances (foods, drugs, etc.) to subjects 
Q C. Physical exercise or conditioning for subjects 
f~| D. Samples (blood, tissue, etc.) from subjects 
f~l E. Administration of infectious agents or recombinant DNA 
[~1 F. Deception of subjects 
• G. Subjects under 14 years of age and/or • Subjects 14-17 years of age 
• H. Subjects in institutions (nursing homes, prisons, etc.) 
• I. Research must be approved by another institution or agency (Attach letters of approval) 
Items A-E Describe the procedures and note the proposed safety precautions. 
Items D-E The principal investigator should send a copy of this form to Environmental Health and Safety. 118 
Agronomy Lab for review. 
Item F Describe how subjects will be deceived; justify the deception; indicate the debriefing procedure, 
including the timing and information to be presented to subjects. 
Item G For subjects under the age of 14, indicate how informed consent will be obtained from parents or legally 
authorized representatives as well as from subjects. 
Items H-I Specify the agency or institution that must approve the project. If subjects in any outside agency or 
institution are involved, approval must be obtained prior to beginning the research, and the letter of 
approval should be filed. 
http://www.grad-college.iastate.edu/fofTns/HumanSubjects.doc GC 9/99 
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Last name of Principal Investigator Padgitt 
Checklist for Attachments and Time Schedule 
The following are attached (please check): 
12. E3 Letter or written statement to subjects indicating clearly: 
a) the purpose of the research 
b) the use of any identifier codes (names. #'s). how they will be used, and when they will be removed (see item 
c) an estimate of time needed for participation in the research 
d) if applicable, the location of the research activity 
e) how you will ensure confidentiality 
0 in a longitudinal study, when and how you will contact subjects later 
g) that participation is voluntary; nonparticipation will not affect evaluations of the subject 
13. • Signed consent form (if applicable) 
14. • Letter of approval for research from cooperating organizations or institutions (if applicable) 
-15 Ç7] n-^ti.nnhi»rinn| .nCTHvmonte 
16. Anticipated dates for contact with subjects: 
17. [f applicable: anticipated date that identifiers will be removed from completed survey instruments and/or audio or 
visual tapes will be erased: 
5/1/00 
17) 
First contact 
12/15/99 
Last contact 
3/31/00 
Month/Dav/Y ear MontlVDay/Y ear 
Month/Dav/Y ear 
18. Signature of Departmental Executive Date Department or Administrative Unit 
19. Decision of the University Hunutn Subjects Review Committee: 
D Project approved D Project not approved I I No action required 
Name of Human Subjects in Research Committee Chair • Date 
Patricia M. Keith 
Signature of Committee Chair 
http://www.grad-college.iastate.edu/forms/HumanSubjects.doc GC 9/99 
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